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New and Forthcoming Wiley Books 

in Electrical Engineering 

Principles of Electronics * 

ity It. G. KLOEFIi’fjFJR, Head, Deitarlmeat of Electrical Enffinetriitij, Kan- 
»aa State Vollcge. 

BaKlc dafa in tho ooutiiiiinioal.ic>iiH field. Simplified preHentatinii, lairtieU' 
larly good for wur-training i-onrses in radio and electronics. 

175 pages; 0 by l>; 92.60 

A Guide to Cathode Ray Patterns 

By MKItWYN BBY, Aaaoc(ate Engineer (Radio), in the \'aey Depart¬ 
ment. 

Sketches and eaidioiis suinniiiri/.e the patterns met in the laboratory and 
at the test bench Incliules a section on aiinplo grapliic analysl.s. 

Aiiprnxlnmtc*l.v 30 pages; HV4r by 10%; I’robnble prl«‘e, 91.50 

Communication Circuits 

By IjAWUENCK A. WAKK, AaaoGiaie ProfesHor of Electrical Engnuering, 
and HENRY K. HEED, Profcaaor of Electrical Engineering; both at the 
State Vniverailv of Jotea'. 

Fundamental principles of comm union tion transmission lines and their as¬ 
sociated networks, covering the frecpieiH-y range frcnii voice frequencies 
through the IHIF frequencies. 

387 pages; 0 by i): !|».r>0 

Fundamentals of Electric Waves 

By II. II. SKIBBINO, Profcaaor of Electrical Engineiring, Stanford Uni- 
rcrsltg. 

An engineering presentatlou of ttie fiindanicnlals involved in electromag¬ 
netic theory, with mod<>rn npplle.-itions to wave guides, transmission lines, 
antennas, etc. 

180 pages: « b.v 0; S3.7.5 

Transients in Linear Systems, Volume I 

B.V M. F. GARDNER, Aeeneinlc Projcaaor of Electrical Engineering, Maa- 
sachuHCtta Inatittite of 'feehnologg, anil .1. L. BARNE.^, Profeaaor and 
Chairman of the Department of IppUrd Mathematlea. Tufta College (on 
leave, now at Bell Telephone hahoratoricH). 

A rigorous >et sim]ile trealinent ol linear iiaariani ph,vsieal .systems hav¬ 
ing lumi>ed parameters. 

.380 pages; 0 by 0; $5.00 

Economy Loading of Power Plants and Electric Systems 

By M. .7. STEINBERG and T. II. .SMITH, both with the Consolidated 
Edison Company of New York. 

An explanation of the fundamental theory of incremental rate and its ap- 
plieution in the solution of lond-dlvlsion prolileins eneountered in the pro¬ 
duction and transmission of electric energy. 

Approximately 3.S6 pages; 0 by 9; Probable prlee, $.3.50 

Applied Electronics 

By the KGECTRirAL ENGINEERING STAFF. Sfassachusetts Institute 
of Technology. 

Electron theory amt ita applications, including electron ballistics, emission 
from metals, conduction, the various types of tubes, amplifiers, etc. 

Approximately 773 pages; 6 b.v 9; Probable price, $0.50 

Magnetic Circuits and Transformers 

By the ELECTRICAL ENGINEERING STAFF. Massachusetts Institute 
of Technology. 

Basic technological principles of magnetic circuits and transformers, for 
all students of electrical engineering, regardless of tlieir ultimate specialty. 

Approximately 757 pages; 0 by 9; Probable price, $0.50 

(For additional Wiley books, see page preceding) 






THOUGHTS ON ENGINEERING TRAINING 

By BALDWIN M. WOODS 
Scfoiid Vieo-Presidpiit of tlio Society 

"If it’s needed and if it’s fair, you will sui)por1, it.” Thus 
a well-known leader described the American attitude toward sac¬ 
rifices demanded for the war. This view is held by men in engi- 
neerinf? education. They believe that engineerinj? manpower is 
needed for the armed forces, war production, government opera¬ 
tion, teaching: and war research. 

The rcoT*ganii5ation of the War Mani>()wer Commission, with 
Selective Service an agency responsible to the Commission, 
promises a strong effort to allocate manpower according to the 
lelative needs. An impartial agency, possessed with the facts, is 
needed to •furnish the answers. The plans will doubtless call for 
a large percentage of ybnng engiTieers to serve in the armed forces. 
This is as it sho\dd be. It is the first call. All the other war 
needs are in a sense .services. As such, they must be fully and 
impartially considered. ’The armed forces have the responsibility 
of getting the maxinnim service from the engineers and from their 
training. They ai'C not numerous enough to meet the need unless 
a.ssigned wisely. The Army Plan is expected to care for the sup¬ 
plementary training which adapts the civilian to military duties. 

Tlie chief concern of the tea<rher and engineering educator is for 
the wise and full use of the trained man. He has seen the compe¬ 
tition grow. He knows hoAv indispensable the trained mind and 
engineering knowledge are in both civil and military activities. 
He knows that there is no very short road to secure adequate train¬ 
ing If production falls, he senses loss of engineers and managers. 
Hence, his anxiety to secure the balanced distribution of engineers 
to give the greatest total war effort. He knows the hazards of 
unwise allocation of this critical material, trained engineers. 

There is a hazard in the educator’s anxiety. He must offer 
advice, he must provide training. But the responsibility for the 
decision is not his. Consequently, he must not be an obstruction¬ 
ist. If from his point of view wrong policy decisions are made, 
he must carry on under them, ready to aid in correction when the 
unwisdom is revealed. How fortunate it ^vill be if policies for 
training and using engineers are wisely and fairly conceived! The 
need is clear, there is hope for wise policies. Let’s support the 
effort! 
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Nation a r. T f kA ny i tartkrk 
Ski^kctim-: Skrvice System 
21st Street and C Street N.W. 

WasliiiigtoM, D. C. 

December 14, 1942 

Ocrri’ATioNAL lioLEETiN No. 10 (Amended Deeeniber 14, 1942) 
Effective: Immediate!jY^ 

Si'B.iECT: Scientific and Si*E<'iAiiT/ED Personnel 

1. Persons qualified 

Tliere are certain pei'sons trained, (qualified, or skili(‘d in scien¬ 
tific and specialized fields who, if enpra{?ed in the practice of their 
respective jirofessions, are in a position to jierform vital service in 
activities essential to war production and to the su])i)ort of the Avar 
effort. 

2. Critical occupations 

The War ManpoAver Commission has ceitified that in »'ertain 
scientific and specialized fields there are critical ocenjiations, Avhich, 
for the proper dischar{?e of the duties inv^olved, reipiire a high de¬ 
rive (>f training, qualifications, or skill. Attached is a list of 
“critical occupations” in scientific and specialized fields, divided 
into tAvo groups: (1) Engineering Eields and (2) Dther Scientific 
P^iehls. 

9. Consideration of occupational classification 

Tlie War ManpoAver Commission has certified that tiiere are 
serious shortages of persons trained, qualified or skilled to engage 
in these critical occupations. Accordingly, careful consideration 
for occupational classification should be given to all persons 
trained, qualified, or skilled in these critical occupations and en¬ 
gaged in activities necessary to Avar production or essential to the 
support of the Avar effort, and to persons in training or j)repara¬ 
tion therefor. 

4. Deferment of students in training and preparation 

A registrant who is in training and preparation for one of these 
scientific and specialized fields may be considered for occupational 
classification as follows; 
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(fi) A registrant in training and preparation in one of the 
Engineering Fields may be considered for occupational classi¬ 
fication after completion of his first academic year in a recog¬ 
nized university or college, and thereafter, if he is a full-lime 
student in good standing, if he continues to maintain good 
standing in such course of studv, and if it is certified bv the 
institution that he is competent and that he gives promise of 
successful comi)letion of such course of study and acquiring the 
necessary degree of training, qualification, or skill. 

(&) A registrant in trainjng and prei>aralion in ojn; of the 
Other Specialized Fields may be considered for occupational 
classification after lie has reached the point in such course of 
study in a recognized university or college, and thereafter, 
where there remains not more than two academic years for liim 
to complete such course of scientific and specialized study, if he 
is a full-time student in good standing, if he continues to main¬ 
tain good standing in such course of study, and if it is certi¬ 
fied by the institution that lie is comjietent and that he gives 
promist* of successful completion of such course of study and 
accpiiring the necessary degree of training, (|ualification. or skill. 


'). Graduate l^ludcuts 

A graduate or postgraduate student undertaking further studies 
in these scientific and specialized fields following completion of his 
normal undergraduate course of study may be considered for oc¬ 
cupational classification if, in addition to pursuing fnrtber studies, 
be is also acting as a graduate assistant in a recognized university 
or college. A graduate student is a student who in addition to 
jiursning such further studies is engaged in one of the following: 


(«) fn scientific research certified by a recognized federal 
agency as related to tlie war effort; or 

(h) in classroom or laboratory instruction for not less than 
twelve liours per week. 


0. Opportunity to enyaye in profe,ssioi\ 

When a registrant has completed Jiis training ami pre[)aration 
in a recognized college or university and lias acquired a high degree 
of training ipialification, or skill in one of these scientific and spe¬ 
cialized fields, such registi*aiit should then be given the opportunity 
to become engaged in the praeti<;e of liis profession in an activity 
necessary to war production or essential to the support of IJie war 
effort. In many instances following graduation from a recognized 
college or university, a certain period of time will be required in 
the placing of trained, qualified, or skilled personnel in an essential 
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activity. When a registrant has been deferred as a necessary 
man in order to complete his training and preparation, it is only 
logical that his deferment should continue until he has an oppor¬ 
tunity to use his scientific and specialized training to the best 
interest of the nation. Accordingly, following graduation from a 
recognized college or university in any of these scientific and 
specialized fields, a registrant should be considered for further 
occupational classification for a period of not to exceed 60 days 
in order that he may have an opportunity to engage in a critical 
occupation in an activity necessary to war production or essential 
to the support of the war effort, provided that during such peirod 
the registrant is making an honest and diligent effort to become 
so engaged. 

7. Effective period of this bulletin 

This bulletin and attached list amends and supersedes Occupa¬ 
tional Bulletin No. 10 of June 18, 1942. (Printed in the September 
Journal of Engineering Education.) This amendment is effec¬ 
tive until July 1, 1943, unless sooner amended. During the ef¬ 
fective period of this bulletin the War Manpower Commission is 
giving further study to the training and preparation and utilization 
of persons trained in these scientific and specialized fields. 

(signed) Lewis B. TIerstiey, 

Director. 


Critical Occupations 

Scientific and Specialized FieUh 

Kn<jineering Fields 

Aeronautical Engineers 
Automotive Engineers 
Chemical Engineers 
Civil Engineers 
Electrical Engineers 

Heating, Ventilating, Refrigerating, and Air Conditioning 
Engineers 

Industrial Engineers 
Marine Engineers 
Mechanical Engineers 
Mining and Metallurgical Engineei’s, 
including Mineral Technologists 
Radio Engineers 
Safety Engineers 
Sanitary Engineers 

Transportation Engineers—Air, Highway, Railroad, Water 
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)ther Specialized Fields 
Bacteriologists 
Chemists 
Geophysicists 
Mathematicians 
Meteorologists 
Naval Architects 

Physicists, including Astronomers 
Psychologists 

(Note: By this amendment Industrial Engineers, Sanitary Eugi- 
leers and Bacteriologists have been added. Accountants, Bcono- 
nists, Industrial Managers, Per-sonnel Administrators, and Statis- 
icians have been excluded.) 



THE PROFESSION OF ENGINEERING 

By IVAN C. CRAWFOBD 

Dean, College of Engineeriug, University of Afieliigau 

At the October meeting in Chicago of the Council of S. P. B.'E. 
a i)roposal Avas received from the Engineers’ Council for Profes¬ 
sional Development requesting that our Society appoint a com¬ 
mittee to cooperate with the Committee on Professional Recogni¬ 
tion of that organization. The Council looked with favor on tlie 
proposal and assigned the project to Committee on Personal De¬ 
velopment. 

The measure on the importance of this subject to the engineer¬ 
ing profession can be judged by the amount of space devoted to 
it in the journals of the Founders’ societies and in discussions at 
their meetings. Hardly an issue conies from the press without a 
more or less extended article on some phase of the professional 
status of the engineer. Reverberations of these discussions are 
reflected in proiiosals to alter in one way or another engineering 
curricula and thus in the opinions of the proposers elevate the 
professional status of the engineer. State registration of engi¬ 
neers also has this latter objective in view. 

Undoubtedly a large part of our difficulty arises from the fact 
that the activities of engineers arc spread throughout so many 
functions that it is difficult to separate the strictly professional 
ones from others which might not be so designated. The report 
of the S. 1*. E. E. Committee on Aims and Scope of Engineering 
Curricula states the situation in the following sentence: “Since the 
engineering profession class cannot isolate itself from this com¬ 
plex of men and functions as a Avell defined cast, it may be said to 
exist as a vaguely bounded nucleus Avithin a much larger envelop¬ 
ing group which Ave may call the engineering fraternity.” 

Quite clearly the present is not a proper time at which to initi¬ 
ate extended studies concerning our educational problems. On 
the other hand it is eAudent that Ave must emphasize, eA^en under 
existing circumstances, the question of professional recognition 
and make sure that our students become acquainted Avith the his¬ 
tory, tradition, ethics, and social functions of the engineering pro¬ 
fession. As evidence of the interest in the professional aspect of 
engineering, it should be noted that colleges ordered over 3,000 
copies of “The Second Mile” by Dr. Wickenden. In addition, 
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, two of the engineering' societies (Chemical and Electrical) have 
distributed it through regular publications to their students; other 
societies have purchased 5,000 for student branches. This shows 
the wide and serious interest in the phases of engineering which 
supplement the technical,—^the social, the ethical, and the profes¬ 
sional. The Committee on Aims and Scope of Engineering Cur¬ 
ricula recognized these phases when it recommended that human¬ 
istic-social studies should be directed toward, among other 
objectives, the “development of moral, ethical and social concepts 
essential to a satisfying personal philosophy to a career consistent 
with the public welfare, and to a sound professional attitude.” 

The Committee on Personal Development will undertake to study 
during the coming’ year the methods employed by the colleges .to 
develop an understanding and interest in those phases of engi¬ 
neering which supplement the technical. Specifically, an attempt 
will be made to get information concerning (1) the method of 
presentation of “The Second Mile” to staff and students and the 
reactions to it; (2) the methods of presenting to students the pro¬ 
fessional aspects of engineering; (3) and reactions of instructors 
to the general program^ 

“27ie Place of the Engineer,’’ by Professor C. II. Young, of 
Toronto, President of the Engineering Institute of Canada, is 
veritably “Something to Think About.” Dean I. C. Crawford 
comments: “ECPD should .secure reprints and send it to Deans, or 
better yet to the Student Counsellors. To me there is much of 
value in this address.” 

Keprints from Civil Engineering, Dec. 1942, are available at 5 
cents each; 2 cents in lots of If) or more; $1.00 per hundred; from 
ECPD, 29 West 39th St., New York, N. Y. 

Copies of “The Second Mile” are still available at 10 cents each; 
5 cents in quantity; $3.00 per hundred. 


Chas. F. Scott 
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BaiiInt, Anthony T., Assistant Professor of Technical Drawing, Illinois Institute 
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Boder, David P., Professor of Psychology, Illinois Institute of Technology, 
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Bhozen, Yade, Assistant Professor of Industrial Engineering, Illinois Institute 
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Gibson, George, Assistant Professor of Chemistry, Illinois Institute of Tech¬ 
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of Technology, Chicago, III.: H. C. Spencer, L. E. Grinter. 
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Oldenburger, Rufus, Professor of Mathematics, Illinois Institute of Technology, 
Chicago, Ill. L. E. Grinter, R. C. Kintner. 
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Ohio. J. M. Weed, W. R. Dumble. 
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ECONOMICS AS A STUDY FOR CIVIL^ENGINEERS 


By W. E. HOWLAND 

Professor of Sanitary Enffineering, Purdue University 


Economies has been included in the curricnlnni of civil engi¬ 
neering for many good and sufficient reasons, but T have chosen to 
mention only one of them: the planting of doubt in the mind of 
the student so as to stimulate him to examine the assumptions and 
conclusions of ordinary thinking about the economic world. Doubt¬ 
ing is difficult but when learned early and practiced often it can 
be mastered. The study of economics ^should be a discipline in 
doubting. 

I still remember the jolt which T received when T realized, in a 
course in economies, that free trade was logicall 3 '^ sound free trade, 
which ra\' father as a good Republican had alwa^’^s condemned. It 
came over me like a revelation that the principles of Republican¬ 
ism and of “Sound Business,” which T had been taught to revere 
as a raoiik reveres his faith, might be wrong—might be even dan¬ 
gerously and harmfully' wrong in their effect on the people and 
on the times. It was, I think, an educational experience of con¬ 
siderable significance to me; the sort of thing that Cardinal New¬ 
man has referred to as an awakening of the mind, an enlargement 
of view, the gaining of a new vantage point from which still larger 
views are possible. But it was an eminence of doubt and not of 
faith which I attained. 

As children we have had many similar disillusionments. We 
were told the story of Santa Claus with all of its delightful detail 
and eneliantment and we believed it. And then one day with much 
pain and shock we learned that it was a myth. That was the be¬ 
ginning of our preparation for an understanding of the world of 
economies, and of the various theories which have been invented 
to make our economy seem beneficent or rational or endurable as 
the need might be. Such experiences, though shocking and pain¬ 
ful, must be repeated at intervals in order that we may not be 
thoroughly undone by the impostors and impostures with which 
the world abounds. 

The race in its childhood received the same sort of instruction. 
It had been taught that all the answers to all the questions that any 
decent man should ask were known and were written down in a 
book or were to be answered by particular persons who were in the 
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mystical know. Of courxe the eartli was stationary and the sun 
and stai’s moved about it. All the solid citizens, the bankers and 
lawyers, and all the Chambers of Commerce believed it. And then 
a few men like Copernicus and Kepler and Galileo came along and 
shattered the common sense notions of the authorities, thus sug¬ 
gesting that a widely held theory may be a myth. 

Strange, isn’t it, that myths are so widely taught and believed 
and so tenaciously held? “A wonder and yet no wonder,” as 
Stevinus wrote under his proof of the parallelogram of forces. 
Why the Santa Claus myth? Because the parents want to give 
the children a happy thought and they want the joy of playing a 
good-natured trick on them, like Voltaire’s priest wdio said, “You 
have no idea what fun it is to persuade ten thousand persons of a 
doctrine that you do not believe yourself.” Why the myth of the 
stationary earth? It persisted partly because of stupidity and 
of mental laziness, and partly because of vested interests of power¬ 
ful persons and institutions. Why the myth of the beneficence 
of laissez faire or rugged individualism? A combination, perhaps, 
of these and other reasrons. The profit myth condones if not com¬ 
pels the tearing down of a good house, even in wartime where 
houses are urgently needed, the destruction of food when men are 
hungry, the open air buiming of billions of cubic feet of natural 
gas which can never be replaced: hecatombs and holocausts to gods 
that love not men. To the high priests of the profit myth will the 
oracle of time proclaim, “If profit stay the end of man, his end 
may not be stayed. ’ ’ 

The legend of the stork is told because grownups choose to avoid 
telling a truth which seems to them too crude for tender ears. And 
so with the legends of economics. The crudity and vulgarity of 
certain forms of poverty are too unpleasant to contemplate. Let 
us dismiss the subject with the pleasing myth that persons who 
prefer decent living conditions may obtain them. Virtue is in¬ 
variably rewarded. Those who are punished must deserve their 
fate. The message of the “Book of Job” or of Voltaire’s “Can- 
dide” or of Steinbeck’s “Grapes of Wrath” is lost on minds thus 
insulated by m 3 d;h from reality. 

When we were children playing with blocks, we used to see how 
tall and wide and astonishing a structure we could make on the 
smallest foundation before it fell down. But later we tried to 
make more graceful structures and when we took them down we 
did so carefully so as not to injure the blocks. Now a huge eco¬ 
nomic structure of thought and of institutions has been built as if 
by children, witkout plan arid on altogether too narrow a founda¬ 
tion, It is topheavy, it is awkward, it is grotesque. Some per- 

{Contimed on page 391) 



MATHEMATICS IN AERONAUTICAL TEACHING AND 

RESEARCH * 

By ALEXANDER KLEMIN 

Guggenheim Research Professor, School of Aeronautics, College of Engineei'ihg, 

New York TTnivcrsity 

I. Tup Teaching of Mathematics in Relation to Aeronautics 

As a general rule, the aeronautical engineer finds it sufficient 
to employ straightforward mathematics, standard calculus, linear 
differential equations with constant coefficients and the like. Such 
mathematics are taught and well taught’in our colleges of engi¬ 
neering. But with diffidence I venture to say that they are taught 
as mathematics, as a fine discipline of the mind, without sufficient 
relationship to practical application. 

For example, in the ease of a beam subjected to a combined 
direct compression and side load, we arrive at differential equations 
for the bending moment which are of the simple and of the classical 
type of linear differential equations, with constant coefficients 
previously referred to. All mj'^ senior students have encountered 
these equations at some stage of their studies, yet to most of them 
the problem comes as a distinct shock. Again all our engineering 
students have at several stages in their educational careers, encoun¬ 
tered imaginary and complex numbers. But when they are asked 
to apply imaginary and complex numbers in the theory of airfoil 
forms obtained by conformal transformation, they seem to lack the 
ability to use the merest elements of the theory of the complex 
function. 

I should like to suggest, again with diffidence, to my colleagues 
who teach mathematics, that they glance through a book entitled 
“Calculus for Engineers,” by the late Professor Perry of the Royal 
College of Science in London. Perry taught applied mathematics 
but was a distinguished electrical engineer. Unorthodox in man¬ 
ner and appearance, he wrote a highly unorthodox book in which 
he managed to use the calculus as a tool for the solution of prob¬ 
lems in heat .engineering, in electrical engineering and the like, 
and what was more, to convince the reader that it was such a tool, 
and to show immediate and interesting examples of the use of this 
tool. ' 

* Presented at t^e SOth annual meeting, S. P. E. E. (Aeronautieal), New ' 
York Oity, Jane 27-99, 1942. w 


388 



•V >: 

TEACHING AND RESEABCU 389 

His book did not have the order and symmetry of our classical 
work on the calculus, but it was a fine example of how mathematics 
might well be taught to our aeronautical engineers. 

II. Mathematics in Aeronautical Research 

If, in the teaching of conventional aeronautics, equally conven¬ 
tional mathematics are adequate when properly applied in the 
aeronautical research, the most advanced mathematics will not 
suffice. 

Without attempting classification, I will cite a few examples 
where aeronautical problems seem to transcend the limits of mathe¬ 
matical knowledge: 

1. Dynamics of Motion of the Airplane 

In writing down the equations of motion of the airplane, two 
factors obtrude themselves. 

a. The aerodynamic forces vary as the square of the velocity. 
h. The aerodynamic characteristics of the body vary with its atti¬ 
tude to the air stream. 

As a result, the equations of motion become incapable of solu¬ 
tion. Professor G. H. Bryan, as early as 1908 or 1909, met the 
difficulty by borrowing from Routh’s Dynamical Stability of Small 
Oscillations, and introducing the idea of resistance derivations. 
By the introduction of resistance derivations, and by limiting the 
displacement of the airplane to small magnitudes from the equi¬ 
librium condition. Professor Bryan was able to reduce the equa¬ 
tions of motion to linear differential equations with constant 
coefficients. There followed a theory of the dynamic stability 
of the airplane for small oscillations. By retaining the notion 
of the resistance derivative and introducing Heaviside operators, 
it is also possible to study limited motions of the airplane. But 
once the oscillations become large, or the application of the con¬ 
trols powerful, the resistance derivatives no longer apply, the 
equations of motion lost constancy in their coefficients and be¬ 
come insoluble. Even in studying a relatively simple maneuver, 
such as the dive and subsequent recovery, we have to resort to 
•step-by-step integration, or to rational solution through a series of 
short intervals. More complex maneuvers, such as the barrel 
roll, have so far, not yielded to analysis. A real opportunity would 
appear to eaqist for mathematicians to evolve a method of investi¬ 
gating all maneuvers or displacements whatever their magnitude 
and eomplexily. 
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2. Flutter 

The investi{?atioii of flutter is very similar in principle to the 
investipfation of the dynamics of motion of the airplane. Resistance 
derivatives are again introduced, and solution of^the equations of 
motion leads to a discriminant and the application of Routh’s Cri¬ 
teria of Stability. But after the criteria have been applied and 
it has been determined whether the wing is stable or unstable in 
the self-excited vibration which is termed flutter, there is tremen¬ 
dous complexity in interpretation. It is very difficult and very 
lengthy to determine what are the factors which are desirable and 
what are the factors which are undesirable. Graphical methods 
will shorten the labor of solution, but a rational mathematical 
process would be helpful. 

3. The Theoretical Design of Airfoils 

The earliest example of the mathematical design of airfoils goes 
back to Jonkowski in Russia, several years before the first great 
war. The method is one in which a cylinder and the flow round a 
cylinder are transformed by appropriate functions into an airfoil 
and the flow round an airfoil. The difficulty is that the airfoils 
derived by this method are not of the character which are both 
structurally and aerodynamically desirable. A number of modifi¬ 
cations of the Jonkowski process have been essayed by writers in 
England, France and Germany, but the most desirable modern 
sections, those with the position of maximum camber far forward 
have not been produced and again an opportunity exists for the 
expert mathematician. 

4. Elastic Instability of Thin Skin Covering 

To the mere engineer, no branch of theoretical physics is so 
frequently tantalizing as the theory of elasticity. Those simple and 
well defined problems which can be solved by the theory of elas¬ 
ticity, can either be solved by the approximate methods of strength 
of materials or else are of no particular interest. Those which are 
really of high practical interest do not yield to the methods of 
theory of elasticity. For example, there is no rigorous method of 
solving the problem of the flat plate in edge compression when 
working in conjunction with a channel or stringer. No more 
beautiful problem could be placed before the mathematician. 

5. Potential in Compressible Flow 

Once we grant that a perfect fluid, that is, one without viscos¬ 
ity, exists, we can set up a potential function and investigate witJi 
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facility the flow past a cylinder, or the airfoil into which a cylinder 
has been transformed. But the methods involve the hypothesis 
that the fluid is incompressible. When we are dealing with a com¬ 
pressible fluid such as air, there is no potential function to help us. 
It would be highly desirable to devise a potential function cover¬ 
ing the flow of a non-viseoiis but compressible fluid. 

Conclusion 

Other problems might be cited, such as the rigorous solutions 
of the equations of motion of a viscous fluid past a boundary, the 
strength of a plate composed of different materials (i.e., plywood), 
the torsional strength of an irregular form. The message of the 
teacher of aeronautics to his mathematical colleagues is two-fold. 
In undergraduate instruction there should be application. For 
the research man aeronautics offers a boundless field. 


• {Continued from parte S87) 

sons, looking the other-way, say it is a thing of beauty and should 
be a joy forever. Others admit that it needs propping up. Still 
others, I suspect, would like to see it topple over just for the fun 
of it. I think it should be both propped up and rebuilt according 
to a plan, remade piece by piece and promptly before it falls down. 
I imagine it may have to be many times reconstructed on still 
better plans. Thus, I think we need a thoroughgoing criticism of 
the present economic system, done very much in the manner and 
the spirit of Voltaire with his light but moving touch. And civil 
engineers along with the rest of society should learn to understand 
this criticism and'to profit by it and to build in accordance with it. 

Voltaire was not the devil he Avas painted, neither was he a 
saint, neither arc you economists, as probers of our present eco¬ 
nomic disorders. But you, like him, are doing a necessary job 
and I hope your skeptical followers may be as numerous as his. 
At any rate I want m.y students to be among them. 



AVIATION MEDICINE IN THE EDUCATION OF 
AERONAUTICAL ENGINEERS * 

By JOHN D. AKERMAN 

Professor and Head, Dept, of Aeronautical Engineering, University of 

Minnesota 

We know that throiif?h mere necessity sanitary engineering had 
to collaborate very closely with the medical profession in problems 
where public health was concerned. It was obvious that the work 
that the sanitary engineer was doing had ultimate physiological 
effects on the human body. 

Aeronautical Engineering iu the pasT, was concentrating to de¬ 
velop the flying machine which operated at low'ei* speeds, accelera¬ 
tion, and altitudes where the physiological effects on the pilot and 
crew were not noticeable or important. 

The art of design of flying machines is advancing to a stage 
where the flying machine is taking the human being into situations 
different than the ones he is accustomed to on the ground, or in 
other types of transportation. It is interesting to note that a 
standard textbook still in use has the following quotation: “The 
stratosphere, however, begins at too great a height (32,000 ft.) to 
be of much practical interest in aeronautics at the present time, 
and it will not be necessary to examine the properties of that layer 
in detail.” It is obvious that such a statement is obsolete today 
and any modern aeronautical engineer now is faced with two main 
problems; 

1. To develop flying machines with exceptional performance. 

2. To provide means so that the personnel of the plane can function 

properly during the performance of the plane. 

The responsibilities of the engineer to take care of the crew in 
the aircraft is not confined to flying at higher altitudes only. With 
the development of the flying machine, even at lower altitudes, the 
flying machine puts the human being in circumstances where his 
physiological well-being is affected. To name only a few of these: 
the effect of acceleration, fatigue, comfort and safety. 

Each of the items above is a big field undergoing large scale 
investigations and in many cases the effects of the function of the 

*■ V ^ 

* Presented at the 50th annual meeting, S. P. E. £. (AerQnaatlbal),;Ne%.'' 
York City, June 27-29, 1942. 
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" flying machine on the human being have been found. In some 
cases the medical profession has found solutions to eliminate the 
bad eflPeets produced by the flying machine on the human being, 
but most of the solutions are technical and have to be solved, or 
have been solved by engineers. A very interesting example of that 
is found in German literature in 1939 where the medical profession 
established that the pilot in a horizontal position can withstand 
much higher acceleration than in an upright or sitting position, and 
at that point the medical profession simply stated that it is the 
engineer’s problem to develop a machine in which the personnel 
could fly in a horizontal position. As a result in 1941 the first 
German planes were shot down witli the pilots flying in horizontal 
positions. 

Another good example 1 migli refer to is the case in the United 
States and in Germany where the medical profession established 
the exact amount of oxygen necessary for pilots flying at different 
altitudes, but then tlie problem was thrown into the hands of the 
engineers to develop apparatus which would supply and meter out 
the proper amounts of oxygen to the human being at different alti¬ 
tudes and in different night situations. 

The medical profession has discovered the bad effects of dif¬ 
ferent gases on the personnel of the flying machine but it is a prob¬ 
lem for the detail designers of the airplane to provide equipment 
which would rid tlie airplane of those dangerous gases. 

We might also look at the picture from the other side. 

Aeronautical engineers designed airplanes witli such rate of 
climb that the change in altitude produced pains and it was the 
medical profession who showed the dangers to which the pilot is 
exposed in such a climb and also a way to avoid these pains. 

Aeronautical engineers designed supercharged cabins but it 
was the medical profession who brought to the attention of the 
designers the dangers to which the crew is exposed, particularly 
•military aircraft in such supercharged cabins, and again it was 
left to the engineer to modify the supercharged cabins or re-equip 
them so that the danger would be eliminated. 

Those are a few cases which demonstrate the interdependency 
of the work of the aeronautical engineer and the man in Aviation 
Medicine. Many other cases could be cited but are omitted from 
this paper for reasons of secrecy. 

The whole thing might be summarized in.two statements: 

1. The flying machine has advanced so far that many times the 
human l^ing enni^ot follow the functioning of the machine. 

2. .^he Inuhijii being can perform those functions, provided the 
plsbe is pinperly equipped to take care of the personnel. 
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At the present writing there is not an airplane company or air 
transport company which does not recognize the importance of the 
physiological effects on the crew and that sometimes those effects 
terminate or limit the proper functioning of the airplane. Airline 
pilots and test pilots have all recognized the necessity of becoming 
acquainted with the physiological problems affecting the human 
being in different flight positions, and most of them have devoted 
considerable time getting acquainted with the work of the medical 
profession. In most cases they are faced with the problem of the 
medical profession stating that such and such equipment or pro¬ 
vision should be installed on the airplane, but when they returned 
to the airplane, such e(|nipment was not available or impossible 
to Install. 

Naturally the problem went back to the engineer to install this, 
change this, or develop this, on the airplane in order to take cai’e 
of the personnel. 

Now*, in turn the engineer was faced with the problem of devel¬ 
oping equiment the imrposc of which was not clear to him. In any 
rational engineering problem the first requirement is for the engi¬ 
neer to know what the function of his product should be and then 
produce the best equipment. 

A very familiar ease which I might quote concerns the require¬ 
ments given to the engineer stating that in supercharged cabins a 
definite amount of air is required per man per minute. The engi¬ 
neer faced with such simple specifications met the requirements 
but with results sometimes far from those desirable. 

I am very pleased to note that the most progressive airlines and 
airplane builders have all detailed men on their engineering and 
research staffs to study the physiological effects on the crew as 
imposed by the flying apparatus or equipment, and many of the 
men are trying to study those questions by reading medical litera¬ 
ture or directly associating with personnel of Aviation Medicine 
sections. How well pleased those companies would have been if 
they could have found their engineering or research staff men al¬ 
ready well-versed and familiar with basic principles of physio¬ 
logical effects on the human being produced by different flying 
situations! It seems reasonable that the modern aeronautical 
engineer who will be participating in the design, or maintenance, 
or operations of modern aircraft should have some background at 
least in a general way of information on the physiological effects 
this flying equipment might produce on the personnel. How the 
problems will be presented in the future to the aeronautical engi¬ 
neering students in different institutions is still an open question 
with room for suggestions and trials, and fog the sake of construe- 
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live criticism I am presenting some facts on the pioneering work 
in this line done at the University of Minnesota. 

In 1935 the Department of Aeronautical Engineering at the 
University of Minnesota created a professorship in problems per¬ 
taining to the stratosphere. As an elective course it turned out to 
be very popular with the students but a very troublesome course 
for the professor because in the course of study and research in 
the problems pertaining to the stratosphere, he was faced with a 
situation where he did not know what he should know about the 
stratosphere, and once he found a topic which he should know 
about high altitude flying he very often did not have the solution 
for the problem. But even at that many creative ideas and prob¬ 
lems were undertaken and solved, which have resulted in practical 
ai)plication for everyday use on modern aircraft. 

rt was natural that he immediately was faced with some physio¬ 
logical ])roblems for solution or investigation on which he had to 
have the liclp of the medical profession. 

In the school year 1939-40 a close cooperation by the Depart¬ 
ment of Aeroimutical Engineering and the Aero-Medical unit of 
the Mayo Clinic was ei^blished, and the senior class of that year, 
through trips to the Mayo Clinic, and through discussions in Semi¬ 
nar, had the opportunity, I should say, to expose themselves to 
some of the work of the Aero-Medical unit of the Mayo Clinic. 
Students and faculty members made ascensions in the high alti¬ 
tude chamber at the Mayo Clinic and often volunteered as subjects 
for collection of data. 

During those contacts it was obvious to the personnel of the 
Aero-Medical unit of the Mayo Clinic and the faculty of the 
Aeronautical Engineering Department of the University of Minne¬ 
sota that it would be advisable to establish a permanent contact 
between the two departments, and as a result the Mayo Foundation 
gave a generous fellowship for one man; so that, he could spend 
half time at the Aero-Medical unit in Rochester and half time in the 
Department of Aeronautical Engineering and that the work for 
a Master’s Degree would include work where the physiological and 
engineering problems were interwoven. 

As the first fellow, whom I would like to call the “missing link” 
between Aviation Medicine and Aeronautical Engineering, Mr. 
Norvin E. Erickson, was chosen, and his work in the Mayo Clinic, 
although handicapped by 20-letter words and medical terminology, 
was so satisfactory that the next year the Mayo Foundation agreed 
to continue this type of fellowship, and as soon as more funds 
are available at the University of Minnesota, similar fellowships 
will be established. 


{Continued on page 401) 
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Chemical enj;iueeviii{?, as the ^ igorous yolinger hrother of the. 
fiimily of eiigineoriofr professions, lias doubtless profited by the 
experiences and mistakes of the older generation. Tn common 
with many juniors of a family group, however, the newest field of 
engineering practice has fallen heir to much of the non-chemical 
material that the older branches of the professions have found 
useful, and Avhich must therefore (in their opinion), be of interest 
and utility to the chemical engineer. 

We all recognize the value of basic courses in mathematics, 
graphics, and mechanics, and realize that a successful career in 
any branch of engineering is impossible without their aid. It is 
somewhat more difficult, however, to see why courses in strength 
of materials, machine and structural design, and allied material, 
designed and planned for civil and mechanical engineers, should 
be presented to the chemical engineering student without extending 
the adaptations to his special interests and applications. The 
jiresent-day courses in chemical engineering curricula in strength 
of materials and design are broad in theory, but are usually taught 
without an appreciation of chemical engineering applications. Tn 
many instances, the courses in structural and and machine design 
are too limited for the chemical engineer, because they stress only 
those problems usually encountered in the mechanical processing 
fields. The rapid development of chemical processing has re¬ 
sulted in a demand for equipment such as heat exchangers, auto¬ 
claves, stills, etc., on which there is comparatively little empha¬ 
sis in other branches of engineering, although the basic design data 
are essentially of a mechanical rather than a chemical character. 
This state of affairs calls for development of a more suitable course 

•Presented at tlie noth uiuiual meeting, S. P. E. K. (Chemieal Engineer¬ 
ing), New York City, Juno 27-29, 1942, 
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to extend the basic principles of strenjyth of materials and design 
to the chemical equipment field. 

At Virprinia we have combined the courses in Streugrth of Ma¬ 
terials and Machine Desijrii into one carefully integrated course 
in the Design of Chemical Engineering Equipment. This course 
has been in operation during the past three years and we feel that it 
lias been a step in the right direction and is broadening the appli¬ 
cations of basic theory. 11 is taught by a man whose experience 
has been in the field of eipiipment design, and its content and em¬ 
phasis are dictated by tlie needs of the chemical engineer. 

The course is intended to give tlie young engineer an insight 
into the fundamentals of design of chemical equipment. The 
technique used varies from the ordinary concept that strength of 
materials courses and design courses are separate entities; the re¬ 
sults, however, seem to indicate that these Dvo courses not only can 
be given as one, but that it is i)robably desirable to do so. We are 
not attempting to make the g)*aduale chemical engineer a design 
specialist for a chemical eciuipment manufacturer—that is still the 
function of the mechanical engineer. The chemical engineer must, 
however, have a sufficiently comprehensive jiicture of the design 
liekl so that he may realize the possibilities and limitations of 
e(]uipment construction and installation. Me should be able to 
make preliminary studies of designs so that comparative equipment 
costs can be estimated at an early stage in process developments. 
He must be able to transmit plans and ideas, consistent with the 
chemistry involved, to designers of commercial equipment, and to 
suggest or make inquiry for the use or adaptatioji of standardized 
or stock equipment, without too much reliance upon the opinions 
of equipment salesman. He should be able to modify or redesign 
existing equipment for processes in operation. Thus the chemical 
engineer requires a specialized course in design, selection, and 
adaptation of equipment, based upon the fundamentals of the 
usual courses in strength of materials and machine design. 

The course is given in the senior year aftei* the student has com¬ 
pleted all of his physical chemistry, studies of the process industries, 
and unit operations. The students are somewhat matured by this 
time, have the background to appreciate the significance of the 
work, and can absorb a large quantity of material in a short time. 
At present the course is given in a nine week term with three lec¬ 
ture hours, and two laboratory periods of three hours each, per 
week. We are planning to extend the course time by adding an 
extra lecture hour per week and possibly a few more laboratory 
hours. This time would then be equivalent to a semester program 
with three lectures and six laboratory hours per week. The out- 
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lines of the coui*so which follow show the eonteiit of the lectures, 
the laboratory (principally drafting room) work, and the correla¬ 
tion between lecture and laboratory. A miniinuin of one and one 
half hours of study, preparation, and preliminary problem work for 
each hour of lecture time is presumed. Lecture material, pre¬ 
liminary problems, and laboratory assignments are furnished to the 
student in mimeographed and print form, although we hope to 
expand this material into a suitable text in the near futinv. 

Outline of Lecture (Bourse for 
The Design of Ciiemical Engineering Equipment 

1. Introduction 

Interrelation of material charaeteristies and properties Avith 
design procedure; revioAV of methods of measurement and 
siiecificatioTi; graphic represeiitation-and eoiiA'ention. 

2. Elementara" Stress Analysis 

Elasticity, plasticity, fatigue, creep, gas embrittlement, etc.; 
simple stresses; deformation; tensile testing and application 
of stress-strain diagram. 

3. Elementary Stress Anaiasis 

Proportional and elastic limits; yield jioint; comparison of 
induced and design stresses and factor of safety; analysis of a 
cottered joint as an example of simple stress analysis. 

4. Riveted Vessels 

Analysis of stresses in walls of cylindrical vessels subjected to 
internal pressure; description and analysis of riv'eted joints; 
riveted joint efficiencies. 

5. Riveted VESSEiiS 

Summation of ASME Unfired Pressure Vessel Code; descrip¬ 
tion, proportions, and selection of flat and dished heads; man¬ 
holes and closures. 

C. Welded Vessels 

Description of Avoiding and allied processes; summation and 
application of ASME-..VPT Code for Avoided pressure vessels. 

7. Welded Vessels 

Summation and application of ASME-API Code for the design 
of reinforcement for openings; spherical and hemispherical 
vessels; jackets. 

8. Mechanics 

Graphical statics; analysis of forces in brackets, supports, and 
trusses; definition and types of beams and beam loadings. 

0. Mechanics 

Beam stress analysis; shear and moment diagrams; moving 
loads. 
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10. Structural Design 

Summation and application of ALSO Code for Structural De- 
si{rn; allowable stresses for rivets, welds, tension and compres¬ 
sion members, and beams; column desij?n, 

11. Structural Design 

Design of riveted joint trusses and brackets; tyjios of loads; 
selection and specification of members and rivets. 

12. Structural Design 

Design of welded brackets, supports, and attaclnnents. 

13. (iOMBlNED StbP:SS APPLICATIONS 

Principal stress analysis and tlieorj’-; primary and secondary 
stresses in riveted joints; .stress concentration. 

14. Threaded Fastenings 

Description and application of screw threads and bolted joints; 
initial tightening stresses; design of bolts for pressure vessel 
heads and closures. 

15. Clohitres 

Analysis of plate and cover designs; summation of ASME-API 
Code for cover .mu< 1 removable head design; gaskets and 
packing. 

16. Plates 

Plate theory; design of fraetionatiiig column plates and 
supports. 

17. Pipes, Tides, and Attaiuiments 

Tubing design formulae; pipes, pipe threads, and fittings; 
valves, sight glasses, and thermometer attachments; expansion 
joints. 

18. Externaij 1*ressure A'essels 

Summation and application of AS.MB I’nfired Pre.ssnre Ves¬ 
sel Code for vessels subjected to external pressures; design of 
tubing for external pressures and for high tenijieratlives. 

10. Power Transmission—Belting and Chains 

Power units; summation and application of ALBA data for 
leather belt selection and design; analysis and application of 
rating and design tables for V-belt and V-flat drives; analysis 
and application of rating and design data for chain drives. 

20. Power Transmission—Gearing 

Description of gearing; principles of operation; velocity ratios; 
design charts for spur, bevel, and worm gear selection; ap¬ 
plication of helical gearing to special center distances. 

21. Power Transmission—Speed Reducers 

Description of geared and other types of speed reducers; 
summation and application of AGMA data for geared speed 
reducer selection. 
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22. Power Transmission—Shafting 

Analysis of torsional stresses; summation and application of 
ASME Code for the Design of Power Transmission Shafting. 

23. Power Transmission—Bearings * 

Bearing types and principles; design and selection of plain 
bearings; summation and application of manufacturer’s data 
on ball and roller bearing selection and application. 

24. Bases and Supports for Machinery 

Comparison of east and welded construction for machine bases; 
base design; vibration-free bases. 

25. Bases and Foundations 

Reinforced concrete construction; summation and application 
of AISC Code for the design of beams and slabs; foundation 
design. 

26. Non-Metallic Construction 

Wooden beams; wood tank construction; glass and other 
linings. 

27. Plastics 

Types; fabrication; applications and design details. 


liABORATORY ASSIGNMENTS AND PROJECTS TO ACCOMPANY THE LEC¬ 
TURE Course in the Design of Chemical Engineering 

Equipment * 

Periods 
Lee. Lab. 


1 . 

2. A 


3. 

B 

4. 


5. 

C 

6. 

D 

7. 


8. 

9. 

E 

P 

10. 


11. 

G 

12. 

H 

13. 


14. 

J’ 

15. 

K 

16. 


17. 

Mi 

18. 

N' 

19. 


20. 

P 


Isometric Layout of Acid Tank Piping System. 

Tensile Testing Experiments in Structural Laboratory. 

Design computations and detail drawings of a benzene 
still (cylindrical pressure vessel) with riveted joints. 

Design computations and detail drawings of a welded- 
joint autoclave with flat heads and reinforced openings.. 

Analysis of a roof truss to determine the feasibility of 
attaching supports for overhead storage tanks. 


Design computations and detail drawings of a shell and 
tube heat exchanger. 


Design of a fractionating column plate. 


* Lecture hours are correlated with laboratory periods, and are indicated by 
letters, and consist of three hours each. ^ 
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21. Q Design and selection of flat belt, V belt, and chain drives 

22. for a gyratory crusher. 

23. R Design of spur and helical gear drives for dryer kiln. 

24. S Analysis of conntershafting for a ball mill. 

25. 

26. T Selection of a worm-gear speed reducer for a motor- 

driven diaphragm pump; design of welded base for unit. 

27. U Design and detail drawings of foundation for absorption 

tower. 


(Continued from page S9R) 

The training of those Fellows was well appreciated by industry 
which offered generous salaries to hire those Fellows and by the 
Army Air Corps who left the present Fellow at the Mayo Clinic 
even though he was a commissioned officer in the United States 
Army Air Corps Reserve. 

As a result of those Fellowships and close cooperation of the 
personnel of those two departments in research problems, the 
stiideuts’of the Department of Aeronautical Engineering, who have 
expressed a desire t6' get acquainted with the physiological ques¬ 
tions met in aviation, have had ample opportunities to do so. This 
close cooperation of the two departments has not been one-sided for 
the benefit of aeronautical engineering only but has also helped in 
many eases the medical men, and many research problems now 
going on at a national scale have been possible only because of this 
close cooperation. 

The value of this cooperation was appreciated by the medical 
men and was expressed by Dr. Randolph Lovelace when he donated 
funds to the Aeronautical Engineering Department to secure a 
high altitude chamber for use at the University, thus helping the 
Department to keep abreast and continue teaching and research in 
problems pertaining to high altitude flying which the department 
started in 1935. 



COLLOID CHEMISTRY IN CHEMICAL ENGINEERING 

COURSES 


By ERNST A. HAUSER 

Assopiato Professor in fharpe of Colloid Chemical Laboratories, Massachusetts 

Institute of Technology 

We are offeriujr in the first term of the academic year a course 
entitled. “Introduction to Colloid Chemistry,” which is designed 
specifically to cover the chemistry and properties of colloidal sys¬ 
tems. The chemistry, properties and uses of organic and inorganic 
plasties and elastomers is taught in a special course. Also we are 
offering an elementary laboratory course m colloid chemistry. In 
the second term a course is given in advanced colloid chemistry and 
a course covering the industries based on colloidal raw materials. 
Also an advanced laboratory course is given. If warranted by 
registration, the introductory course and the one dealing with plas¬ 
tics are also offered in the second term. Although these courses are 
are also offered in the second term. Although these courses are 
listed as elective graduate courses, seniors, and juniors of high 
standing, are permitted to enroll. 

For students in the departments of biochemistry and biologi¬ 
cal engineering the introductory and advanced courses in colloid 
chemistry have been compulsory for a number of years. The 
curtailment in the teaching staff in the chemical engineering de¬ 
partment has postponed at least for the duration making the 
elementary course compulsory for students enrolled in chemical 
engineering. However, following the old proverb that the best 
proof of the pudding is in the eating, compulsory enrollment is 
secondary in importance to enrollment by free will. This is espe¬ 
cially the case if other elective courses are offered which are defi¬ 
nitely easier. Therefore a glance at the enrollment figures for 
some of these courses is enlightening. The registration for the 
elementary course in the academic year 1935-36, when it was of¬ 
fered for the first time was 20. In 1936-37 it increased to 35, in 
1937-38, 45; 1938-39, 52; 1939-40, 65, and in 1941-42 there were 88 
students enrolled. 

The course in high molecular compounds which was offered for 
the first time in 1940-41 showed an enrollment of 40 in both terms, 
and in the first term of 1941-42 it increased to 55. Another indi¬ 
cation that the students are taking an increasing interest in this 
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field of science, and particularly in its application to chemical 
engineeringr, is the constantly increasing number of students seek¬ 
ing thesis subjects in these fields. This development indicates 
better than any propaganda write-up that colloid chemistry has 
finally, admittedly after a hard struggle, won its place in the cur¬ 
riculum of a chemical engineering student who wants to keep 
abreast of modern developments. 

Unfortunately there are still many “dyed in the wool” teachers 
of chemistry who take the attitude that colloid chemistry is nothing 
more than fumbling around with impuVe systems and that nothing 
can be gained by stubbornly pursuing the study of colloidal pheno¬ 
mena. This attitude is serious and dangerous because industry 
realizes more and more how important at least a basic knowledge 
is if not a complete one of colloidal phenomena and pro])ertics of 
matter when in the colloidal state. 

T believe that the simplest way to explain this all-important 
point would be to cite a number of specific examples: 

The problem of heat transfer in chemical equipment is as wc 
all know, of extreme importance. We have gone quite far in the 
evaluation of this factor under most varied conditions. However, 
very little has been done to find satisfactory explanations for re¬ 
sults which are not in accord with theoretical calculations. The 
effect which films of colloidal or even molecular dimensions have on 
the changes in heat transfer from a surface is known, but very 
little has been done toward a systematic study of it. It is not at 
all necessary for a highly polished surface to become coated to 
cause a noticeable change in heat transfer, but by filling up any 
surface irregularities the heat transfer of the system is bound to 
change. The prevention of such scale formation by the use of 
dispersing agents or protective colloids, as the case may be, is one 
of the many examples where colloid chemistry is directly applicable 
to a unit operation. 

Inasmuch as colloid phenomena are quite generally the result 
of reactions occurring in greatly developed surfaces, it is only 
natural that anything in which surfaces play a prominent part is 
of colloidal nature. Therefore, problems of filtration and adsorp¬ 
tion call for a colloidal approach even if the reacting substances 
as such are not necessarily colloids by customary definition. Too 
seldom does one realize that rate of filtration and drying of the 
filtercake are not solely controlled by the type of substance or its 
particle size, but by particle shape and the entire prehistory of the 
suspension have a great deal to do with the rate of filtration and 
subsequent drying. If we make a fine particle size suspension of 
a given substance, stabilizing one part of it either by increasing 
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the electric charge of the particles or by the use of protective col¬ 
loid's and adding sufficient electrolyte to the other part to cause 
flocculation, a noticeable difference in the rate of sedimentation or 
filtration as well as in the sedimentation volume will result. 

I could keep on enumerating such examplas but I would like 
to limit myself to these and refer to some specific industrial ap¬ 
plications. Nevertheless it should be evident from the foregoing 
that the teaching of colloid chemistry to the chemical engineering 
student is of extreme importance even in such basic fields as unit 
operations which have always been considered specific and sacred to 
the chemical engineer. Naturally this calls for the teaching of 
colloid chemistry in a somewhat different fashion than it might 
and probably should be taught in a curriculum devoted strictly 
to chemistry. Very few outside of the ranks of the professional 
colloid chemists and the progi’cssive paper manufacturers have 
realized that the successful sizing of paper is the result of an ex¬ 
tremely complex electrokinetic reaction between the negatively 
charged paper fibre, the negatively charged rosin emulsion, and the 
alum which dissociates into positive aluminum and negative SO 4 
ions. While the SO, ions combine with the alkali of the rosinate, 
thus depriving the emulsion of its stabilizer, the aluminum ions 
cement the rosin and the paper together. The ill-famed pitch 
problem also calls for knowledge of colloidal phenomena. That 
it can be successfully solved as a result of colloidal research has 
recently been demonstrated in one of the largest paper mills of 
this continent and this work has been done by a man who had taken 
courses in apjjlied colloid chemistry in his chemical engineering 
curriculum. 

The inroads which colloid chemistry has made in ceramics 
tliiring the last j^ears are beginning to tell. Not only has this new 
aiiproach to this age ohl craft enabled us to explain a number of 
facts for which classical chemistry could not find any answer, it 
has begun to change the entire production of certain articles. I 
believe there is no need to emphasize the fact that a chemical engi¬ 
neer Avithout any knowledge of the colloid chemical background of 
the industry could not very well be considered the ideal man to be 
put in charge for redesigning the plant. 

Even an industry as remote from what we generally consider a 
chemical industry as the laundry industry is full of colloidal 
problems. The chemical engineer should know all possible about 
water-softening, water-purification, and water-conditioning. It is 
not sufficient in my opinion to obtain such information, when the 
situation demands it, from pamphlets issued by companies interested 
in the sale of such agents. Neither is it sufficient to consult a 
library for some of the more recent scientific publications on this 
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subject. To do a good job it is essential that the chemical engi¬ 
neer be fully familiar with the fundamental phenomena involved. 

I have purposely omitted discussing catalysis since this has 
already been taken care of in the preceding program. I do, how¬ 
ever, want to point out that heterogeneous catalysis in particular is 
strictly a colloidal phenomenon. 

At the end of my discussion I want to spend a few minutes on 
a subject which is today very much in our minds: Rubber and 
plastics. 

The rubber industry, and in particular that part of it which 
applies to liquid rubber latex, is a colloid industry par excellence. 
Here the chemical engineer with a well-founded knowledge of col¬ 
loid chemistry finds himself in a paradise. Every step in the 
processing of crude rubber and in the production of finished rubber 
articles direct from latex is based on properties typical of colloids 
or colloidal systems. For example the changes rubber undergoes 
on the mill, the compounding process, and the process of vulcaniza¬ 
tion, controlled coagulation of latex, and many others. The advent 
of synthetic elastomers i^ud the increasing number and importance 
of synthetic plastic resins have put a new burden on the up-to- 
date teaching of applied colloid chemistry. It has become necessary 
to introduce detailed discussions of the mechanism of polymeriza¬ 
tion as well as the methods applied, to elaborate on the structural 
changes of the substance during polymerization, to explain the 
structural differences between thermoplastic and thermosetting 
materials. 

It would be a grave mistake to take the attitude that all this is 
of no importance to the chemical engineer and should be reserved 
for the domain of the chemist. We are once again at the thresh- 
hold of a new synthetic industry, easily comparable in importance 
to the development of the dyestuff industry in this country after 
the first World War. We shall need an ever increasing number 
of well-trained chemical engineers, especially qualified to build, 
run, and constantly improve this new chemical venture. But to 
be so qualified means to me to have as complete a knowledge as 
possible of every step involved in the production of these new 
materials and not only to know—^perhaps—^what they are, what 
purpose they should serve, and what their appearance is. 

I am fully aware that what I have presented cannot be considered 
a finished picture such as an artist would display; it represents 
merely a rough sketch. Even if I should have the material at my 
disposal to finish the picture, I am afraid that the time necessary 
would not be available during this meeting. I believe, however, 
thUt even the sketch will suffice to emphasize the points which have 
convinced me that colloid chemistry has become an essential factor , 
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in modern industry and therefore an essential part in the training 
of our future chemical engineers. 

However, as a result of several years of teaching experience in 
this particular field I am equally convinced that colloid chemical 
engineering must be taught difTerently than colloid chemistry is 
being taught as a rule. A successful colloid chemical engineer 
must not only be in possession of the fundamental laws controlling 
colloidal phenomena, he must also be able to see how and when to 
apply this knowledge correctly. This calls for a keen observation. 
It is therefore necessary to encourage the student to improve his 
powers of observation and to teach him how to make full use of 
them when trying to solve all kinds of industrial problems. 

I can say without hesitation that wo have been extremely suc¬ 
cessful in this respect by introducing into some of our courses in 
colloid chemistr>' what we term experimental quizzes. The profes¬ 
sor performs a few experiments in front of th6 class disclosing in 
detail to the student every step of the experiment. The student 
has then to offer a written explanation of the phenomenon ob¬ 
served, or the mechanism of the reaction he has witnessed. One 
may compare this type of quiz in colloid chemistry with the custo¬ 
mary problem type of teaching in other fields of chemical engineer¬ 
ing. I consider the results of such quizzes most enlightening from 
the point of view of the student’s future success in his employment. 
I have frequently found that students showing high ratings in 
regular quizzes failed completely in experimental quizzes, whereas 
others of medium standing excelled in these experimental problems. 

1 do not know your reaction to these fa(;ts, but from the point of 
view of an industrialist employing a young man as a chemical 
engineer, I certainly would take the one who, even if not abso¬ 
lutely tops in reading tables or setting iq) equations, could use his 
eyes as a first-class tool for observation. 



EXPRESSION AS AN ENGINEERING TECHNIQUE * 

By JOIIX J. O’NKTLL 
Selcnco Editor, The Xew Yorh JleroM-Tnhuve 

Every exi)ression in writing: is an experijiient in eoninmnicat- 
inf>- knowJedgfe. For this reason we should adopt finielional prinei- 
[)les of dcsiprii in formidatinpr our written expressions. They should 
be entirely utilitarian. This plan does not eliminate but, of neces¬ 
sity, includes esthetic, considerations. 

There is a higrh order of correlation between beauty and clarity 
of expre.ssion. A slovenly desig-ned and constructed sentence is an 
unsafe container of knowledgre. 

An individual’s mode of expression in written hing:ua«re is an 
integral part of his personality, as much as his mode of speech, 
his manner-of walking, the shape of his nose or the proportions of 
his body. This would appear to be a fatalistic viewpoint which 
would condemn some individuals to a limited expression, but this 
is not necessarily the case. Natiu'c provides a wide range of lati¬ 
tude in the utilization of all of our faculties. Rarely does the best 
endowed individual use more than a small fraction of his ability 
for formulating clear, terse information. The poorly endowed 
individual by developing and using a larger fraction of his ability 
can equal in quantity and quality, the average output of the better 
endowed individual. 

Use of written language presupposes the need for conveying 
knowledge. The greater the amount of knowledge possessed by the 
■writer the greater is the amount of information he can load on the 
smallest number of words, and the greater is the clarity of expres¬ 
sion that he can achieve. 

Self assurance on the part of the writer concerning the pos¬ 
session of knowledge is of greatest aid in achieving clear, forceful 
expression that carries assurance to the reader that what is read is 
worth assimilating into the body of knowledge already possessed. 
Beauty of expression makes the calories of knowledge more 
appetizing. 

A piece of writing should be as much a living thing as a new 
bom child,' and should pass through the same cycle of creation. 
There should be a xety specific reason for creating a piece of liter¬ 
ary composition, technical or otherwise. Without the reason for 

* Presented at the Dinner Meeting of the English Division, 50th Annual 
Meeting, S. P. E. B., New York City, June 27-29, 1942. 
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. its existence a composition will be an amorphous mass of words. 
The reason for writing any kind of a composition determines its 
structure, style and content. The reason for the existence of a 
composition corresponds to the conception of a child. It is at 
this point that the new individual receives, through the mechanisms 
of licredity, tlie pattern of its future form and a)l that makes up 
Us existence. The basic idea, for a composition, in the mind of 
the writer is in the same situation as the fertilized ovum in the 
womb of its mother. The idea must be supplied with nourishment 
in tlie form of specific data and information. There is a right time 
for child and a composition to be born. Many a foetus is resorhed 
into tlie mother’s body and this should happen with a composition 
when it is found that the reason for its existence cannot be justi¬ 
fied. 

Before actual composition is started all, necessary information 
should be on hand or the supplying of it, as needed, should be 
assured. Just as a child, to be a useful member of society should 
bear all the parts, mechanisms and functions tliat identify him as 
such and permit him to fit into the activities of the rest of the race, 
so should every composition be supplied with all the information 
that will enable it to make an interlocking fit with all other con¬ 
tributions to knowledge with which it will make contact. Until 
the composition has been so shaped it is not rcad 3 ^ to be born. 

Each composition, or article, is a stone in the temple of knowl¬ 
edge, some mechanism useful in the shaping of the stones, or some 
revelation concerning the blue print of the unknown plan of the 
temple or the use of the functioning portions of the edifice, A 
writer, once he has ascertained that his stone is compounded of and 
is four S(piare with truth, should not be fearful concerning its 
place in the temple because its place seems to be far from the 
foundation. It maj'^ be the foundation stone for a very useful fly¬ 
ing buttress, or a new wing. Nor should the contribution be de¬ 
spised because it is just one stone in the slowly rising walls—for of 
such is the temple constructed, and without them there would be no 
structure of knowledge. 

It is the observation of the writer, in a long experience in writ¬ 
ing articles on scientific subjects for newspapers and magazines, 
that there is an emotional factor involved and that the subcon¬ 
scious plays as important a part as the conscious realm of our men¬ 
tality in producing an article against a fixed time deadline. During 
the past decade his published output has averaged more than 300,- 
000 wprds a year, half of it in articles of more than 1,000 words and 
the remainder in minor items. Unpublished boohs and articles 
(written usually for the purpose of letting off steam) poems, songs 
and correspondence would double the foregoinjf figures. 
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The chief item in my output has been a “lead” article of about 
1.500 words on a scientific subject which must be timely in nature 
and must be finished by 4 p.m. on Wednesday of each week, along 
with an equal number of words in many smaller items, plus photo¬ 
graphs for illustrations. In 15 years nearly 800 such articles have 
been written and at times the matter of subject, or “reason” for 
writing, becomes a problem. Current events frequently determine 
my subject; at other times the problem becomes more acute. I am 
always assembling material in my files for future use, and these 
folders frequently supply nourishment for an idea. 

I decided recently, for no good reason, to write an article on 
weather, a subject of perennial interest. I read my accumulated 
files whicli proved to be an utterly useless mass of absolutely sterile 
material. The major part of a day wasted, including mail, tele¬ 
phone and visitors. Why did I pick the weather as a subject? 
Too late now to change and do aii ccpial amount of research on some 
other subject. I should start three days sooner to allow for such 
situations. T can’t fail to produce my material on time! Re-ex¬ 
amination.of material. Hopeless. Three or four cigarettes to boil 
the cerebral protoplasm. No ideas. Nice weather out. Why 
didn’t I do this article three days ago and take today off. Wonder 
if we will have a warm summer. Might be able to guess if I had 
some data from the polar regions. Wonder if the polar high pres¬ 
sure air mass is tilting back toward the American side; it was over 
the Russian side last winter producing severe temperatures on the 
battle fronts. Must have dropped off so many chunks of its cold 
air mass that it will probably oscillate toward Alaska and drop them 
off there next winter, meaning cold weather on this side of the 
world as the cold air masses slide down from Alaska. Boy, bring 
the latest editions of the papers—usually left unread. Eye catches 
Jieadline about military activities in Aleutian Islands; operations 
hindered by bad weatliei*. There was my story! Aleutian Islands 
as the weather Garden of Eden, where storms are born. Some 
(lata left over from my studies of Russian weather came in useful. 
Most of my material came from my memory files, talks with meteor¬ 
ologists wMch never blossomed into a story. A telephone call to the 
Weather Bureau to clear some doubtful points. My story framed 
itself beautifully into a background of front page news. It almost 
wrote itself. I hardly had to do a thing, just feed the pages into 
the typewriter. Six triple spaced pages and the story was “born.” 

The details are different each week but the basic situation and 
the net results are always the same. Only a particular, type of 
individual would get himself into and out of situations in that 
irrational manner. Fortunately, or Unfortunately, that seems to be 
the type that survives in the writing game. 



THE GENESIS OF THE COOPERATIVE IDEA * 


Bv CLYDE \V. TATtK 

Profossor of Eiijjlish, Collcfrc of Engineering ami CoiTiinoroe, llnivcM’sif.y of 

Cincinnati 

All.Iionj;]i H(‘niuiTi SHmeidor is rijrhtly nonsideml to be the 
founder of the cooperative system of education, his own wish was 
to avoid an assumption of single-proprietorship and to recognize 
his indebtedness to people and cireumstances. The question of 
crediting arose pointedly in 1915. i was writing an account of 
the cooi)erative system, which was published a year later as Bulletin 
.“17 of the United States Bureau of Education. At that time t})e 
system was often referred to as the “Schneider plan” or the “Cin¬ 
cinnati plan,” since it was associated exclusively with the name of 
its founder and with the University at which it had been in opera¬ 
tion for nearly a decade. T asked Dean Schneider his preference 
as to the use of these and other identifying expressions. Ho 
strongly opposed including the name of a person or a place in the 
designation of the cooperative system. Tie believed, he said, that 
the system was bigger than one man’s ideas or one college’s par¬ 
ticular application of its principles. Out of respect for his definite 
views on this point, I made the story much more impersonal than 
1 had intended. 

U is true, as Dean Schneider said, that the cooperative plan was 
broader than any localized version of it would suggest. It is also 
true, as he frequently pointed out, that by its very nature the plan 
was not a one-man enterprise, but called for team work in the 
joint efforts of many participants. But in the beginning there had 
to be something around which team work could be organized. In¬ 
dividual inventiveness and initiative was required to create the 
plan, some one’s persistence was needed to launch it, and its suc¬ 
cessful operation called for a high quality of leadership. 

Because the origin of the cooperative system is inseparably 
linked with the eJiaracter and experiences of its founder, the growtli 
of the idea must be traced largely in biographical terms. Through 
the accident of circumstances and the dictates of his own inclina¬ 
tions, Herman Schneider received a kind of training which antiei- 

* Presentod at the 50th animal ineetuig, S. P. E. E. (Cooperative), New 
York City, June 27-29, 1942. Part of the paper is condensed from a biography 
of the late Dean Herman Schneider. 
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pated many points of the cooperative system. The significance of 
this fact was not clear to him until some years later, when as an 
instructor he began to think about the training of young people. 
Then he drew heavily upon his own experience, which he believed 
liad been sufficiently typical to make it a trustworthy guide for 
students. Derivation of educational principles came aherward, as 
did also philosopliicul conclusions regarding methods and objectives 
in education. 

Early in life Herman Schneider had some elementary prepara¬ 
tion for the relating of education to indnstiy. Born at Summit 
Hill, Pennsylvania, in 1872, he grew up in a mining community 
in 'which boys learned to work as a matter of course. For several 
years his spare time was occupied with odd jobs in his father’s 
general store. At the age of fifteen, having finished the instruction 
offered by the local schools, he received permission from his family 
to go to -work at a mine. At that time the standard day was ten 
hours long and the average w'age for this class of labor \vas fifty 
to seventy-five cents a day. Though he was classified as a“breaker 
boy,” Herman’s principal task 'W'^as to do errands for the mine’s 
construction crew. In effect, he was personal assistant to the boss 
of the gang, a one-armed carpenter. This man allowed young 
Schneider to serve as his pencil and sa'W, and ga\’e him extensive 
practice in laying out work or cutting patterns for the other men. 
He took a fatherly interest in his young helper and offered some 
advice. “If I had your education,” he said, “I’d study engineer¬ 
ing and learn to make blue prints. Then yon could tell other peo¬ 
ple what to do.” 

Whether he was influenced mainly by this suggestion or by the 
example of liis older brother Anton, who was studying civil engi¬ 
neering at Lehigli University, Herman Schneider made up his mind 
to go to college. After two years of preparatory work, and health 
building, at the Pennsylvania Military Academy, he entered Le¬ 
high University as a student of architecture. 

Soon after his arrival at Lehigh young Schneider obtained part- 
time employment with A. W. Leh, a local architect and construc¬ 
tion engineer. Schneider served as messenger or ‘‘blue-print boy” 
on Saturdays and in free hours during the week. In time he ad¬ 
vanced to minor design and some supervision. At the office he 
picked up numerous ideas about construction as he •w'atched the 
growth of various projects that were handled by his employer. 
Also, he had frequent recourse to reference works in Mr. Leh’s 
collection, most prominent of which was the office Bible, a copy of 
Kidder’s “Architect and Builder’s Poeketbook.” 

The alternation of study in college with related practical work 
was accidental in Herman Schneider’s case, but a planned combi- 
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nation of the two could hardJy liave been better arranged. Even 
so, the educational value of his labor might have been much less 
except for the personal assistance given by his employer. Mr. Leh 
had approached architecture and structural* engineering mainly 
from the practical side. In his youth he had served an apprentice- 
.ship not unlike that of other young men who were “reading” law 
or medicine in the office of a practitioner in order to fit themselves 
for a professional career. Although his formal study had been 
somewhat limited, his education had continued without interrup¬ 
tion. He possessed an alert, inquiring mind, and ho was extraordi¬ 
narily well resid on general subjects. Within his professional 
lield he impressed upon his understudy certain principles and 
maxims drawn from his long experience. Typical of these was 
the quotation. 

Architecture is the ornamentation of construction, and not the 

construction of ornamentation. 

TJiroiigh his as.sociatioii with young Schneider he saw an oppor¬ 
tunity to obtain some knowledge from authentic sources at the Uni¬ 
versity. A standard question which he addressed to his apprentice 
on Saturday afternoons was, “Well, son, what did you learn this 
week?” The questions and discussions which arose between them 
at the office compelled Herman Schneider to think about problems 
and to seek information in a way that might not otherwise have 
occurred to him. Mr. lich's favorite starting assumption, “There 
must be a reason for this,” contained a challenge that could not 
be ignored bj^ his assistant or by the college instructors to whom 
the question was relayed. For young Schneider, it was like hav¬ 
ing a college education, plus Mark Hopkins on the end of a log. 

As he looked back upon his college course, Herman Schneider 
recalled that even his youthful labors at the mine had been of 
some help in connection with his studies. Part of his college work 
was a textbook course in wood frame construction. The students 
were to read an illustrated descriptive treatise on sills, rafters, 
beams, bearing partitions and so on, after which they were to make 
some assigned drawings similar to those in the book. It will be 
remembered that the one-armed carpenter for whom he worked 
had given young Schneider a thorough but most unbookish course 
in just this sort of thing. Cutting the bevel of a rafter for this 
man was not a question of theory but a practical assignment, on 
which there must be no mistake. In the eyes of the boss, seventy 
per cent accuracy would not have been a passing grade. Schneider 
told his instructor of his experience and asked that he be permitted 
to make some drawings and take whatever examination was given 
the rest of the students. He was excused frVm attending classes 
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^ in this subject, passed his examinations easily, and gained several 
afternoons of free time, which he spent in the architect's office. 

The classroom work which made the deepest impression upon 
Herman Schneider was the instruction he received from Mans¬ 
field Merriman, Professor of Civil Engineering. In his teaching 
as well as his writing, Professor Merriman approached problems 
with a direct analytical attack that exemplified for his students 
the virtues of rigorous tbi)iking. Those who were fortunate enough 
to be in his classes inevitably caught something of the mental effi¬ 
ciency, the intellectual integrity, and the uncompromisingly high 
standards which placed him among the foremost members of his 
profession. His lasting influence upon Herman Schneider recalls 
the dictum, “We teach as we are taught.” It should be noted in 
passing that Merriman's contribution to engineering teaching ex¬ 
tended far beyond the limits of his own institution. lie was one 
of the organizers of the S. P. E. E., and his presidential address 
of 1896 is a landmark in the Society’s history. 

From Herman Schneider’s graduation in 1894 to his return as 
a cub instructor in Professor Merriman’s department at Lehigh, 
there is a lapse of fiye 3 '^ears, a period whose events may be de¬ 
scribed briefly as a “school of experience,” Capitalizing the con¬ 
fidence he had gained while in Mr. Lch’s CTuploy, Schneider opened 
an office for the practice of architecture at Cumberland, Mary¬ 
land. Successful in business, after weathering the initial starving 
period, be became ill of malaria and went home to recuperate. To 
rebuild his health, he W'cnt out West and worked with his brother 
Anton as a bridge engineer on the Oregon Short Line railroad. 
This time his standard reference book, both at division headquar¬ 
ters and on location, was Merriman and Jacoby’s “Roofs and 
Bridges,” Volume III, When the railroad’s appropriation for a 
new construction was exhausted, he returned east, recovered in 
health, and enthusiastic over the possibilities of bridge engineering. 

As an instructor, Schneider began to do some serious thinking 
about the training of engineers. His own observation and a com¬ 
parison of notes with older men had convinced him that some 
sort of special preparation was needed to enable a young man to 
take hold of practical work upon graduation. The gap between 
college and industry, he felt, should be bridged in some way, in 
order to increase the young engineer’s effectiveness and to avoid 
the risk of tragic disappointments. He puzzled over the problem, 
fascinated by its difficulty. 

One evening after teaching hours, he was pondering this ques¬ 
tion while he walked across the Lehigh University campus. Sud¬ 
denly he was startled out of his reverie by the blast of a Bessemer 
converter at a near-by steel plant. In that moment an idea came 
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to him that offei’cd a possible solution to his problem. Here was 
a huge modern industry existing side by side with a university— 
a vast industrial laboratory filled with the latest, the most expen¬ 
sive equipment, made to order for his scheme of training. At the 
end of their college course many of the young men now studying 
in Lehigh University would find employment in these steel*mills, 
as other graduates had done before them. Why not have this em¬ 
ployment begin on a part-time basis while they were in college, 
and make the work a recognized ])art of their training? 

Only a hint can be given of tJie later growth of this idea and 
of its reception by his contem])oraries. For more than five years 
Herman Schneider tried to “sell” the coiiperative idea to educa¬ 
tors and industrial executives, both in the East and in the Middle 
West. Encouraged by some teachei’s and ridiculed by others, he 
learned that great patience is needed by any one who would bring 
about an innovation in education. Although he was given a more 
sympathetic hearing by leading executives in such firms as Wes- 
tinghouse, American Bridge Company, and the United States Steel 
Corporation, he found that here also was a real selling, problem. 

Meanwhile, he had been appointed Assistant Professor of Civil 
Engineering at the University of Cincinnati. After sending up 
a number of trial balloons, he finallj' obtained the sort of re¬ 
sponse he had hoped for. He had addressed a meeting, explain¬ 
ing his scheme for training engineers through cooperation between 
college and industry. A six-line report of the address, published 
on an inside page of a Cincinnati newspaper, chanced to attract 
the attention of Mr. John M. Manlev, Secretary of the Cincinnati 
Metal Trades Association. At that time the machine tool indus¬ 
try of Cincinnati was beginning an expansion prophetic of the 
commanding place it now occupies. A committee of manufac¬ 
turers had been stuil.ying the (piestiou of how to get better-trained 
engineers for their research and production needs. Mr. Manley 
arranged for Pr(jfessor Schneider to meet with this committee and 
to make a series of calls upon individual manufacturers who might 
be intere.sted. After months of patient explaining to doubting 
manufacturers, and to college teachers and a board of Directors 
who were even more skeptical, Herman Schneider gained per¬ 
mission to try the coiiperative experiment on a small scale. This 
was the first example of a new type of training concerning which 
it is stated in the S. P. E. E. Report of the Investigation of Engi¬ 
neering Education (lf)2."{-1929); 

Cooperative engineering courses us conducted in the United States arc, 
however, a distinctive type of educational program for which little or no 
direct precedent can be found. It is probably both fitting and accurate to 
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credit not only the inception of the idea of such courses but also the posi¬ 
tion which the plan occupies in this country at present in large measure 
to the ability, resourcefulness, courage, and consistency of purpose of Dean 
ITerinan Schneider who first established cooperative engineering courses at 
Cincinnati in 1906.® 

Thb success of the plan, its extension to other branches of in¬ 
dustry, other types of cMigincering, and other colleges—these facts 
are well known. With the proverbial wisdom of hindsight, we can 
see that those industrialists who gave the suggestion qualified ap¬ 
proval builded better than they knew. Certainly the machine 
tool interests could not have been expected to foresee a time when 
a considerable prop(»rti()n of their executives would be oigineers 
trained under the cooperative plan. Xor, looking beyond the Cin¬ 
cinnati area, could they liaA'e foretold how other engineers trained 
in this way would serve tlie nation’s indnsti’v in key positions. 
'Fo speak only in terms to the present crisis, the products of that 
now distant experiment include such men as Myron B. Gordon, 
Vice-president of tlie Wright Aeronautical Corporation, who re- 
c.ently rctnriied to Cincinnati to direct the construction of a mam¬ 
moth factory for the production of airplane engines; H. A. Wols- 
dorf, packaging engineer, loaned to the government to sui)ervise the 
<Tating and shii)ping of lease-Iend supplies; Craig Edw'ards, ear- 
buretioii expert for the Bejidix Corporation, who has been testing 
airplane motors in California, Northern Africa and elsewhere; 
(’arlos lioby, Managing Direc.lor of the Cincinnati Milling Ma¬ 
chine Company’s branch in Birmingham, England; and Adolph 
Forester, previously of the Birmingham Factory and now Tech¬ 
nical Adviser to Mr. Averill Harriman on lease-lend supplifs. 
These men and hundreds of others are too busy doing a job to 
reflect upon the type of college training they received, but they are 
using that training for practical and important ends. Thus they 
are vindicating an idea which began forty years ago as a nebulous 
theory and established itself the hard way. 

The cooperative plan "was not put into practice anywhere until 
1906, when Dean Schneider introduced it at the University of 
Cincinnati, but the idea seemed obvious and almost inevitable, 
once it was brought to people’s attention. It was admittedly 
a new departure in education, and yet it seemed to be something 
that should have been done long before. Perhaps this is the ex¬ 
planation for a certain perennial freshness or news interest in 
subsequent adoptions of the plan. Persons not familiar with its 
early history ha^fe often assumed that cooperative education began 
at a different time and place, and the interest aroused by second- 

8 Vol. 1, p. 562. 
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ECONOMICS AND ENGINEERING EDUCATION* 

By J. K. finch 

li(3iiwiek Profc'Hsor of Civil Biigiiicciing and Associate Dean, School of 
Bngm(*ci-iiig, Columbia University 

En*;! nee ring- edueation in the TTiiited States is now approachiuff 
tlie eoinplelion of its first century of service. Before 1850 there 
were only two enjrineerin}? schools in this country. The great 
jieriod of growth came just after the Civil War. By 1870 there 
were 70 such institutions. Today we have some 120 accredited 
engineering schools. When we look back over this century, cer¬ 
tain outstanding trends in this rernarkabfe growth are clear. 

Tt is evident, for ejcaniple, that the establishment of engineering 
schools paralleled the development of the modern scientific teeh- 
ni(pie in engineering. The formal processes of the classroom and 
laboratory could replace, in part, the older, informal education 
through apprenticeship, only when the technique of engineering 
design itself became formalized,—became, to a major extent, a 
rationalized science rather than a practical art. The modern engi¬ 
neering school Wiis born of the epoch marking applied mechanics of 
Runkine, Weisbach and others—^these schools were born when the 
ancient art of engineering was fertilized by the advances in the 
natural sciences of the last century and scientific engineering came 
into being. 

Tt has been not only the profound effect of this evolution in 
engineering technique which has determined the immediate objec¬ 
tives of American engineering education during this century. The 
immediate result was, of course, a strong emphasis on the scientific 
tools of modern engineering—on mathematics, mechanics, and de¬ 
tails of design procedure. But there has also been the pressing 
demand of the westward advance of our civilization—the unparal¬ 
leled rapidity of our conquest of a continent of unparalleled natural 
resources. The cry was for men with at least a bit of practical engi¬ 
neering training—for the immediately useful type of young engi¬ 
neer. And, it might be remarked in passing, we are experiencing 
today, in response to war needs, this same impatient and pressing 
demand for a vocational rather than a truly jirofessional type of 
training. 

• Presented at the 50th annual meeting, 8. P. E. E. (Engineering Econ¬ 
omy), New York City, June 27-29, 1942. 
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As a result of this immediate need for men of special but narrow 
training, our engineering schools turned out thousands of useful 
citizens—-young men who could serve as draftsmen, detailers, sur¬ 
veyors^ inspectors, etc.—^but our program of engineering education 
still suffers today from this narrow, purely vocational viewpoint, 
from a training which, although it served so well in meeting the im¬ 
mediate needs of earlier days, is no longer regarded as either ade¬ 
quate in scope or professional in character. 

The inevitable reaction to this narrow technology—a word which 
T heartily detest—^began some twenty-five years ago. During these 
twenty-five years w'e have had muedi discussion of the need for a 
broader, more liberal training of the young engineer. It has be¬ 
come obvious that the professional engineer must be intelligently 
vocal, must have some perspective of the relationshi])s of his pro¬ 
fession to modern life, and some vision of its poleutialities and 
responsibilities. 

How much have we accomplished in meeting this changing need 
in engineeriilg education? A fair and frank analj'sis will, I am 
afraid, not reveal a very creditable performance. 

Our engineering schools, it is tiaie, have to their credit a most 
remarkable accomplishment in advancing the standards of techni¬ 
cal analysis and design. These schools, as we have said, were born 
of the movement for science in engineering, and they have led and 
still lead in its evolution and development. Recall for a moment 
the outstanding names in technical theory, and yon will note that 
the great majority have been teachers of engineering as well as 
pioneers of engineering science. 

On the other hand, our schools have been very slow indeed in 
achieving this broadening and liberalizing of the educational proc¬ 
ess which we have so often discussed. 

One of the basic subjects in this broader field is economies—^not 
the old, rather remote and aimless political economics, but the basic 
economies of engineering practice and of modern life and industry. 
This subject has occupied a leading position on every list of de¬ 
sirable subjects in a liberal engineering eurrieuliun. What have 
we done about it? 

In general we have grudgingly and most reluctantly found an 
hour or two in our programs for a general course in economics and 
have permitted the economics department to use them. In short, 
we have washed our hands of all responsibility for this unwelcome 
stepchild, we pay little attention to the scope or content of the 
course given—^How many of you, for example, even know the 
names of the instructors who give this subject to your students?— 
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and we make no attempt whatever to intee:rate this earlier study 
with our engineering teaching or to build upon it in presenting our 
engineering subjects. There are times, in fact, when we simply 
ignore this subject, but there are others "when we seem to avoid it 
as we would avoid a pestilence. Why? 

In the first place, our major interest is, of necessity, in the 
special technique which we teach, which w;e think is the most im¬ 
portant subject in the engineering curriculum, and which Vc 
“know how to teach.” This specialty is a definite thing in which 
we are competent, while of economics we know little and feel that 
it cannot really be taught in the classroom—it is one of those things 
which the student will get, so ‘tis said, “after he graduates.” 

If we are really frank in this appraisal of our shortcomings, we 
are forced to admit that a major difficulty is due to the character of 
the subject—our lack of interest in it, our lack of knowledge of it, 
and our failure to give time and thought to it. There is an element 
of sheer mental laziness in the picture. AVe follow the easier, well 
worn path, and seek to blaze no new ti*ails. 

Thus it is far easier for us to handle the rationalized analysis 
of stresses and strengths which lead to definite quantitative results 
in de.sign, than it is to develop teaching data and methods in a new 
field. Furthermore, economic problems cannot be solved by for¬ 
mulas or slide rule. Their study usually leads to qualitative find¬ 
ings only. Ability to handle such problems rests, in large measure, 
on a maturity of judgment and experience in “practical affairs”— 
values which are not achieved through classroom training. 

T admit the difficulties of the problem but, in my opinion, the 
chief value of economics as a vehicle of engineering education lies 
in these very difficulties which have been urged against it. 

I recognize, for example, that few graduate engineers will be 
called upon to handle major economic problems until they have 
added maturity and experience to their college training through 
several years of apprenticeship. We cannot, therefore, urge that 
important technical subjects—subjects which few students can 
acquire “on their own” without instruction and guidance—^should 
be abandoned to make room in an already overcrowded curriculum 
for extended courses in economics. But this is no reason for 
ignoring this subject completely. 

I realize also that economic analysis does require a maturity of 
ability seldom found in the undergraduate—^but “What is the pur¬ 
pose of engineering education?” Certainly its final objective is 
not that of cramming the student’s head with factual information. 
The fundamental objective of engineering education cannot differ 
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*'.froni that of edueatioii iii geiweral, nauiely, tiie training of the stu- 
tlent to utilize such grey matter as God has given him in the most 
effective manner possible.* The accomplishment of this end is 
measured not by his store of factual information but by the com¬ 
petence of his mental machinery—by his competence to meet and 
handle new problems, to excerise, as he gathers and adds to it, his 
judgment in engineering matters. Surely we are not, as educators, 
aiding in this process of maturing the engineering mind, if we de¬ 
liberately ignore those engineering problems which cannot be com¬ 
pressed into sugar-coated pills of factual information. This is not 
education; it is pure i)arrot training. 

I also wonder how many of us realize how vital and unescap- 
able this element of judgment is in engineering xiractice. Yet the 
emphasis in engineering teaclnng is always on the quantitative 
answer—always on the ajiplication of formula and the result 
cheifked to the last decimal. .Structural design, for example, is 
usually taught as a problem in pure technical accounting. Here 
is a* truss, assume certain loads, compute the stresses, assume cer¬ 
tain working stresses,*'design members and details. But, before 
we can analyze stre.sses, we must assume loads, and before we de¬ 
sign we must assume working stresses. Loads, factors of safety, 
working stresses—these ai-e all matters of balancing the pros and 
cons of current practice and of attempting to forecast future needs 
and requirements—of engineering judgment. How often do we 
discuss them with our stude’^ts? 

Furthermore, what is the impelling force that urges us on to 
greater and greater efforts in the rationalization of technical design ? 
It is primarily economic. Wellington hit the nail on the head many 
years ago when he noted that it was not the desire of the engineer to 
safeguard human life that led to better bridge design, but the keen 
competitive struggle to secure more economical construction. The 
search for economy is the mainspring of engineering progress. 

The engineering teacher may, of course, complain that teaching 
data for economics is not readily available. General texts like 
Grant’s “Engineering Economics” are, however, at hand, and a de¬ 
termined search of engineering literature will turn up a wealth of 
special problems iu special fields. Some of these we have gathered 
together in note form at Columbia for a brief course for our stu¬ 
dents in civil engineering. The teacher who is really interested 
will have little difficulty in finding a variety of interesting material 
on this subject. 

Finally, I tun not urging that economics be taught as a separate 
sub^ct--all by itself—^in the engineering curriculum.. A brief; ; 
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introductory treatment does seem desirable but few economic prob¬ 
lems can be divorced from their technical context. The teaching 
of the technical economics peculiar to engineering design must go 
along hand in hand with design. These problems are-fundamental 
to design for they condition and control its scope and character. 

I believe this observation also applies to the broader, more gen¬ 
eral problems of economics—^the relationships of engineering to 
our industrial, political and social life. A sane public works policy, 
for example, will never be achieved so long as such policies are based 
on political strategy, opportunism and mob psychology. All the 
popular votes in the world will not develop any justification for 
many of the elaborately useless and ingeniously unprofitable public 
works of the last decade. Money wasted in so-called public works 
is money that could be used to raise the standards of life and living 
of all our people. The problem is basically an economic problem, 
basically an engineering-economic problem, for our standards of 
living can be raised only by improving the standards of our eco¬ 
nomic life. Sooner or later, our scale of living must be so adjusted 
that the proceeds of our economic order can pay the bills for our 
social improvements. This is a problem of engineering and of 
production. 

The engineering profession has always been a dynamic and con¬ 
stantly expanding profession. If the future engineer is to be more 
than a mere technician, more than the hired agent of the private 
or political purse, he must stir himself—salvation will come from 
within, not from without. We must seek not to attach new and un¬ 
related disciplines to our teaching but to extend our methods and 
techniques into new fields. The teaching of economics, the kind of 
economics in which the engineer is interested, cannot be delegated 
to some other department, and divorced from the teaching of engi¬ 
neering itself. If we have anything to offer the public, it must 
rest on our ability to apply our methods in new fields of wider and 
greater service. It is full time that we stopped talking about eco¬ 
nomies and engineering and began to apply ourselves to the problem 
—to meet our obligations and take advantage of our opportunities. 
If we delegate tliis task to others, we give over with it the deter¬ 
mination of engineering policies, and the opportunities which are 
open to us for wider service and greater public recognition as pro¬ 
fessional men. 

I am convinced that the engineering profession is at the cross¬ 
roads. It is clear that technical progress— the scientific rationali¬ 
zation of design—^will and must continue to occupy our major atten¬ 
tion. If, however, we permit it to crowd out all efforts toward the 
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development and rationalization of economic analysis and design, 
we will soon cease to be a profession and will become simply a group 
of narrow technical specialists. We must choose either the narrow 
technical path and leave the problems of the economic adjustment of 
our labors to modern industrial and social needs to specialists in 
applied economics, or we must make this field our own by applying 
to it—by extending into it—those honest viewpoints and methods 
which have long served us so well. We cannot indefinitely delay 
this decision. Long before another century has passed, the choice 
will no longer exist. We will have become either a narrow tech¬ 
nology or an awakened profession. 


{Continued from page 41d) 

ary pioneering has sometimes obscured the original work of the 
founder. Pull credit should be given for later contributions, 
which have been many and important. At the same time, all 
honor is due to the one man who could ethically have claimed a 
basic patent on the '^cooperative idea. Whatever impression may 
have been gained by the magazine-reading public, the facts are 
well known in most educational circles. Among those who are 
best informed, Herman Schneider is given credit, not only for an 
epoch-making achievement but also for modesty in allowing his 
work to speak for itself. 



THE EFFECT OF THE ESMDT PROGRAM UPON 
ESTABLISHED EVENING ENGINEERING 
CURRICULA ^ 

H P. BUTTON 
Tllinoii Institute of Tecliiiolojo 

The Bn{»iiieerinp. Science, and Manaj^einent War Trainiiif? 
courses offered by the (Itnerinnent to increase the national produc¬ 
tion are bein}» conducted, for the most part, by the collepres and 
frequently are at least potentially in direct competition with rejf- 
nlar eveninf? classes An iinpiiry as to the probable effects of the 
program on the lono-time exeninjf peoarams of the school is ap¬ 
propriate. Ft would be diflR<*nlt on the basis of the short experi¬ 
ence available to evaluate these effects with precision. Instead, 
T have attenii)ted to appraise the effects at Illinois Institute of 
Technolo<>>, vliere some 14,000 men have taken advantage of the 
defense pi’ocram to date. T have also secured expressions of 
opinion from other schools affected, and, finally, through the kind¬ 
ness of Professor John T. Yellott, Director of our War Training 
Courses, ha^e secured a cross section of the preparation and plans 
of those now in our courses. 

..V first (piestion mipht be as to the immediate budgetary effects 
of the courses. The (Jovernment’s financial arrangements are well 
known and need not be elaborated upon. The effect on attendance. 
in regular evening classes is the first question. Our own experi¬ 
ence has been that the direct effect of the defense courses on at¬ 
tendance has so far been slight. These courses, as I believe is 
generally the case, do not carry college credit nor do they, for the 
most part, fit into plans of study for the usual Bachelor’s Degree 
in Engineering, Students with the degree as an objective have 
ill most cases gone on with their regular programs. We have felt 
the competition in courses nearly parallel, such as those given in 
Time Study and Metallurgy, for example. There has been little 
evidence of much competition in the basic courses so far. 

On the other hand, consider the effect of introducing thousands 
of young men to the idea of evening study. We obtained some¬ 
thing of a sample of the possibilities of this publicity through the 

* Presented at the joint meeting of the Committee on Instmetional Methods 
.iiul the Committee on Evening Engineering Course^ 6. P. E. E., Colmnbia 
T’nnersity, June, 19 i2. 
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questionnaire to enrollees in ESMDT courses. Of 898 students 
who replied, 53 per cent stated that they had not previously at¬ 
tended any e\ening classes. 42 per cent had had no college work. 
83 per cent planned to continue evening college classes when the 
defense program ends; 9 per cent did not; and 8 per cent were 
undecided or did not answer. 53 per cent were interested in 
earning a degree by e\eniiig study as against 30 per cent who 
were not. 3 per cent intejided to study for the graduate degree, 
and 12 per cent were undecided or did not answer 

Whether all students who cheeked “yes” on the questionnaire 
will actually pay hard cash for something wJjieh they previously 
obtained for nothing is a question. It is probable that at least a por¬ 
tion of those that have been introduced to evening college study and 
found it useful will go on. Indeed we are already beginning to 
receive iiujiiirics find registrations from peojile whose interest was 
awakened b\ the ESMDT courses 

It is to be anticipated willi the continuan<*c of the ESMWT 
Program tJiat the direct competition with tlie regular courses will 
be iucreasell somewhat but this lo«>s will, we believe, be more than 
offset in the long run Ctiecking the opinions of other schools as to 
effects on attendance of the tw'entv-two from w'liom replies were 
received, 14 jier (*pnt had felt an increase in (Mirollmeut of regular 
evening classes; 3(> per cent a deere.ise; hi per cent no substantial 
t'ffeets; and 14 per cent did not tepiv to Ibis tjiiestion 

As to the type of course most affected, .3 per (*ent noted a shift 
from arts to technical courses, 10 [ler I'ont, a reduction in attend¬ 
ance in jireparatory. trade, ami eertifi<*ate courses; 27 per cent a 
reduction in engineering and science attendanee, .3 per cent, a re- 
diietion in management; 5 per cent, a general reduetion; and 48 
per cent did not reply 27 per cent thought the reduetion would 
increase us the program eoiitimied , 41 per cent did not; and 32 pei 
cent did not answer 41 per cent saul that interest in all-round 
education had increased; 27 per cent said tliat it had decreased; 
and 32 per cent did not answer. 68 per cent thought the long-time 
effects of the program would be beneficial; 18 per cent thought 
they would definitely be injurious, principally as encouraging the 
idea of getting an education free; 14 per cent did not answ'er 

In addition to the direct effects on enrollment, other effects may 
be considered. We have found that the establishment of Ihe 
ESMDT courses had many valuable by-products in establishing or 
making more close, contacts of the school with local industries. 
63 per cent of the schools replying to the questionnaire found the 
same benefit; 27 per cent bad not ex|>erienced it; and 10 per cent 
made no comment. 
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It was not possible under the existing? war load to turn to our 
regular faculty for most of the number of instructors needed. We 
went to industry, turning for help to companies which we considered 
leaders in their fields. From them, or with their'advice, we have 
secured the necessary instructors. Many of these men doubtless 
will no longer be available after the emergency, but some of them 
may later continue with ns. In any case, it can do the school no 
harm to have awakened the interest of these men and their coni- 
panies in the school. 36 per cent of the schools reporting found 
the ESMDT Program beneficial in opening new sources of qualified 
instructors; 46 per cent did not; and 18 per cent did not reply. 

One of the results which may be hoped for from the stimulus of 
this new teaching problem is the development of new teaching 
methods. There seems to have been a general increase in the use 
of visual aids to education in ESMWT courses. Several schools re¬ 
ported a beneficial stimulus to the regular day instructors from 
teaching evening students. There should result from this new 
educational problem, the ESMWT, other innovations which will 
improve our educational methods. Perhaps we have even more to 
learn from the wholly unconventional, yet successful, teaching 
methods developed by the Training Within Industry group, an¬ 
other division of the War Training Program, who have compressed 
into ten hours of instruction for foremen a very adequate introduc¬ 
tion to training technique. To the question as to whether improve¬ 
ments in teaching technique had resulted from the program or 
were likely to result, 45 per cejit r(‘plied in the affirmative; 45 per 
cent doubtful or negative; and 10 per cent did not answer. 

Some of the comments which resulted from the questionnaire to 
other schools are interesting. Several expressed the fear that hav¬ 
ing entered this educational field, the Government would be slow to 
retire from it when the emergency had passed. We cannot dismiss 
this possibility, yet T feel it is fortunate that the program was 
starte<l in the schools. The work is being done almost wholly by 
colleges and under the direction of men of long experience in the 
colleges. While the ESMWT program is capturing the spotlight 
for the time being, and for some courses is providing a rather stiff 
competition for the regular programs, it is still all in the family, 
and the directors of regular evening clasas can certainly do more for 
themselves and their schools by cooperating with and learning from 
the defense program than by ignoring it. 

Two or three commented on the fact that the emergency pro¬ 
gram was supplying the needs of a group for which little has hereto¬ 
fore been done, the technician who does not need and perhaps is 
not capable of digesting all the basic fundamental courses thought 
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of as part of the standard engineering degree program, yet who 
needs a type of practical technical training not now fully supplied 
by the public schools or by any other important source which will 
enable him to understand machinery and processes. Certainly the 
War Training Program should serve to emphasize the need for 
I)ractieal or refresher courses which can be taken by employed 
adults without going through the whole long series of prerequisites 
conventionally required. 

The profile of a typical ESMDT student group as revealed by 
our (juestionnaire at the Institute is interesting. Age varied from 
23 to 33 years, 27 years being the average age, as compared with 
probably 23 for the average evening student. Some of the cnrollees 
are, of course, impossible, but for the group as a whole, the courses 
seem to be reaching into a higher bracket of responsibility. This 
may not be a bad thing for the evening schools. 

While men in the higher performance brackets are not limited 
to college classes for keeping their thinking up to date, the college 
is still one of the most efficient methods of teaching adults. But the 
methods most effective, with the typical undergraduate, do not fit 
the older, more responsible man. Wo need to raise our sights a 
little to reach the older man as well as the youngster. The BSMWT 
program seems to be doing this. 

A fear was expressed as to whether this wholesale, mass pro¬ 
duction of engineers and subengineers would not result in a glut of 
engineers after the war. Except for incidental refreshing of pre¬ 
viously trained men and the awakening of interest in engineering, 
the BSMWT courses do not train engineers. Should emergency 
justify it, the same teaching mechanism might well be put into re¬ 
verse to retrain the ESMWT crop of technicians for other needed 
occupations. 

While prophecy is a risky business, there is perhaps as much 
reason to expect better business after the war, if we win, as to ex¬ 
pect a great depression. If this hope, held by many economists, is 
realized we shall not have too many engineers, and in any case we 
shall need the disciplined mind of the engineer. The ESMWT 
training is not to any great extent influencing directly the full¬ 
time undergraduate student’s thinking about college; it touches 
the man already employed to the extent that this training program 
directly prepares him for more advanced work and awakens ambi¬ 
tions for further improvement. The national productive effort 
will gain, even if some of the specific skills developed by it for the 
emergency are in less demand after it has passed. 



LIMITATIONS OF VISUAL EDUCATION* 

By II ,T GILKK\ 
loHa Slate College 

It is the helf imposed task of educators to process human progeny; 
to make of it a producing entity within a time allotment of somt* 
twenty years. The biologist, geneticist and psychologist tell us 
that our raw material remains about constant; that the aptitudes 
of the human infant undergo but sliglit change from generation to 
generation. The fask of the classical educator is equally un¬ 
changing; languages and civilizations may. die but the star of the 
cla.ssicist, far to the rear, is to him undimmed and he seeks not 
otlieis. For the scientist it is not so. His horizon is ever broaden¬ 
ing. 'i''oday the youth of twemty must be able to pick up and 
carry on from where an Einstein, an Edison or a Steihmetz had 
previously dropped in his own histrous tracks after a lifetime of 
labored but brilliant advance' 

Add to necessity for comprehension, and manipulation (for these 
arc the substance and techniques of the scientist), the reiiuirements 
for design, construction and operation (all within the limitations 
set by sound economics), and you have before you the goal which 
is being currently attained by engineering t'ducators. That we 
have thus far made good, part of the time at least, is no cause for 
resting on our laurels. VVe are indeed hard pressed as is attested 
by .squeaks emanating Irom our engineeiing educational machine. 
Just what or how much is wrong is something upon which we seem 
unable to agree; certainly some of tlie noises are but the labored 
pantings of an engine under heavy load. Nevertheless, few of us 
will contend that our results are all that we would have them 
And the end is not yet; the generation just ahead is confronted with 
a task more formidable than ours for in science and engineering 
the future continues to pyramid on the past. 

Under such circumstances it does indeed behoove the engineer¬ 
ing educator to maintain a wary and vigilant eye upon every aspect 
of the mechanism he operates and to keep his oil can at hand. 
While the task of the engineering educator is too vital to admit of 
such drastic, visionary or irresponsible experimentation as is often 
urged upon us (usually but not always by persons without the pro¬ 
fession), we need, nevertheless, to maintain an open mind along 

* Presented at the 50th annual meeting, S. P. E. (Instructional Methods), 
New York City, June 27-29, 1942. 
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with the initiative and the courage to keep up with the best that 
we know. It is one of the primary functions of the Society and 
the specific function of this committee, on behalf of the Society, to 
seek out, investigate and make recommendations regarding any¬ 
thing that offers promise of assisting the engineering educator to 
discharge his obligation to the rising generation and to the pro¬ 
fession with increased effectiveness. The program of this session 
has been dedicated to the task of subjecting to added scrutiny one 
of the most appealing of current potential innovations in our field. 
Virtually paralleling in its develoiiment and importance the motor 
driven vehicle, the photographic art, in all its ramifications and 
adaptations, may well have something of conspicuous value to con¬ 
tribute to our engineering educational processes. 

In the field of learning the primary approaches to the mind are 
the eye and the ear. The visual processes include reading, demon¬ 
stration and pictures but the term visual education normally refers 
to some form of pictorial presentation which may be animated or 
still; sound or silent. Under the commercial stimulus of the motion 
picture industry on the one hand and the ingenuity of the amateur 
and the exacting requirements of the scientist on the other, the 
variety of pictorial adaptations is great, ranging from ordinary still 
photography to the portrayal of animation, slow motion, time lapse, 
photomicrography, and miniature photography for all of which 
both the 35 and 16 or even the 8 mm. film can be used. 

In a paper presented under the auspices of this committee,* the 
sch(;duled discusser of this presentation, George E. Tomlinson, 
reviewed the status of visual education, outlined problems relating 
to suitability and availability of material and offered constructive 
suggestions for overcoming existing problems of these types. lie 
closed with the recommendation that a committee be created to 
report, among other things, answers to the following questions: 

1. Is the use of selected motion picture films recommended as 
an aid to engineering teaching? 

2. What films, suitable for use in engineering curricula, are 
available? 

3. What is the attitude of independent and industrial producers 
towards cooperation in such a movement? 

4. Should the selected film be collected in some central library 
or should the interested schools be referred to Ihe numerous exist¬ 
ing distributors? 

5. Should, felected reading and test material be prepared by 
some central agency for use with each program? 

* " Use of Motion Pictures in Engineering Education,” Enginebrinq Edu¬ 
cation, Vol. XLVI, p. ^9-744 (1938); also Journal of Engineering Edu¬ 
cation, Vol. XXIX, No. 9 (May, 1939). 
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6. Will the leading engineering societies and national founda¬ 
tions lend any assistance to the establishment and maintenance of 
an engineering film library? If so, to what extent? 

7. What will be the cost of an adequate progAm during the 
first year of operation and during subsequent years? 

8. How can our Society cooperate best with other agencies in 
improving teaching technique through the use of motion pictures? 

This excellent set of questions is timely, provided the answer 
to Question 1 is “yes''; otherwise Questions 2-8 drop from the 
picture. In a sense of course, the answer is “yes” since both the 
film and the slide have proved useful in some of the marginal or 
motivational courses and in connection with student professional 
activities including freshman lectures and junior-senior seminars. 
In the study of such subjects as engineering materials (especially 
as regards the manufacturing aspects) and in building construction, 
the moderate use of films and slides may add enough to the interest 
to justify such use although the time requirement for covering a 
given block of the work will usually be increased. For lecture 
demonstrations films are often valuable especially wherd motion is 
an essential clement, as in illustrating hydraulic flow phenomena 
or in demonstrating a sequence of operations. I can sec where 
visual methods might be used to supplement inspection trips and 
in times like these, when actual trips are out, pictures doubtless 
constitute the best available substitute. Of course the film, how¬ 
ever good, is not an adequate substitute; the noise et al. are an 
essential part of what the student needs to experience. Well chosen 
films may, however, aid him to spot in advance some of the things 
that he is supposed to see, or to give an added significance to what 
he saw, leaving him less mystified and diverted by noises, shiny 
gadgets and whirling gears. 

Unless the writer is mistaken these arc not the types of uses 
which Mr. Tomlinson had in mind. The question which he doubt¬ 
less wanted to raise and to which inforentially the answer in his 
own mind was “yes,” was whether or not visual instruction can be 
made an important aid in the teaching of basic middle-of-the-road 
engineering subjects. Is it a tool having potentialities of a sort, 
that can assist the engineering educator substantially in doing a 
better or a more complete job within the limitations of time and 
money at his- disposal? The more I ponder the matter, the more 
dubious do I become. There are, of course, certain obvious diffi¬ 
culties some of which relate more to the state of the art than to its- 
ultimate possibilities. Among these are: 

(a) Lack of Suitable Facilities .—If the projector requires dark¬ 
ening of the room (which is always objectiqpable because of the 
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slumber problem) there is the question of proper ventilation and 
convenient darkening devices. 

(6) Difficulties of Overhead .—The projector and/or the film or 
slides are rarely at the immediate and ready disposal of the in¬ 
structor. Usually special arrangements must be made well in 
advance and often an operator or an assistant is required. Some¬ 
times there must be a fireman or inspector on the job and there are 
likely to be incidental fees. Any device designed to fit into the 
everyday teaching picture functions under a severe handicap if the 
instructor must be free the period before and/or after the demon¬ 
stration or if he is otherwise required to perform unusual or time- 
consuming operations to use it. 

(c) Question of Subject Malter.—-Xt present the available mate¬ 
rial appropriate for technical entertainment is excellent, on the 
increase, and embodies a considerable variety from which to choose. 
For specific technical instruction where every lick must be made to 
count there is little suitable material available and I fail to see 
much likelihood that the need can be met squarely, if at all, in 
other than restricted fields. In rare cases an instructor does, at the 
expense of much time and effort, work out supplementary visual 
material which may be quite effective in his own hands; rarelj’’ 
othenvise. Commercially prepared material may be more gcnei’- 
ally effective but rarely will the scope or type of coverage be just 
what is wanted. 

(d) Cost .—Relative cost will always be a dominant question 
but in the development stage it should not be accorded the stellar 
role. If the thing is found to be otherwise good, there is always the 
possibility that merit may circumvent cost. 

Most of the objectionable items enumerated thus far could con¬ 
ceivably be minimized if not eliminated through general use and 
through mechanical improvements in equipment and in auxiliary 
facilities. Even the problems of personnel and overhead could 
doubtless be solved. A solution for the question of subject matter 
does appear to be, perhaps, the most remote. What I consider to 
be the real drawback has not yet been mentioned. 

Visual education is virtually one type of lecture system teaching. 
Engineering educators are, I believe, generally agreed that the lec¬ 
ture system simply is not adapted to driving home solid engineering 
substance in the way that the engineer must have and use it. 
(Fortunately, perhaps, we aren’t required to pass upon the possible 
merit of the lecture system as a serious educational tool in fields 
other than engineering.) Earlier in this discussion the ears and 
the eyes were mentioned as being the main entrances to the mind. 
Unfortunately, sometimes (fortunately at others), all that passes 
over a threshold does not take up its abode within that dwelling. 
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The retention of solid technical material is not attained through 
the eye or the ear unless there is subsequent study and mulling 
over until the material has been fitted into the mosaic of the mind 
and literally becomes an experience. The student may gain much 
of lasting solid benefit from a “heavy” lecture only if, after he 
takes careful notes, he studies these notes and assimilates their 
essential content. For many persons (not all) the eye constitutes 
a more effective initial entrance than docs the ea)’ but it is simply 
not possible to take notes from the scrcjen in a manner that enables 
one to subject the substance, pi(^cemeal, to the digestive juices of 
the mind or to apply the precepts and jirinciples to the solution of 
appropriate problems. 

Thus, as the writer sees it, tlui us(' of visual education for teach¬ 
ing basic work is open to the same objections as is the lecture 
system with the added difficulty that the student cannot secure the 
equivalent of an outline transcription for subsequent reiteration 
and assimilation. Important as this aspect is, it is not the only 
one of what might be termed the insurmountables or incompatibles. 

The use of the projector erects a barriei- between the mind of 
the instructor and that of his stiuh^nts. I believe that few engi¬ 
neering educators would conteiul that it is a primary function of 
the classroom contact to impart knowh'dge. What the student 
learns, he must in large m(?asure dig out for himself. During the 
class period the instructor will probably clear up some difficulties 
but these are not stereotyped or predictable; if they were, the 
author of the text would have anticipated them in his treatment. 
Moreover, the best answers are invariably questions; there must be 
a give and take, the back and forth interchange that finally results 
in the student thinking through his question and answering it 
himself. 

When the student is viewing a film, watching a demonstration, 
or listening to a dissertation, however fine it may be, his mind is 
relativel}'^ passive. The machine is his assurance of protection 
against a sudden and perhaps mildly disconcerting but stimulating 
mental jab. “He prepareth before me a table in the presence of 
mine enemies” (inquisitor; disturber of my peace). In whatever 
degree the visual demonstration constitutes an exposition or eluci¬ 
dation of essentially textual material, to that extent it is usurping 
the important and needed function of the study period where the 
student must learn to interpret the printed word; to translate it 
into the pattern of his thought and undei-standing. Just as, after 
graduation, his substance won’t be brought to him on a silver platter, 
his thinking won’t be done for him on a silvered screen. 

If the film presentation is informational rather than expositional, 
it is not the sort of thing we are discussing for there is little place 
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down the middle of the engineering road for that which isjpureiy 
or largely informational. Such material is marginal rather than 
basic and as such it does occupy a needed place in the engineering 
picture; out near the edges. 

The writer believes that in view of the ever increasing tempo 
of engineering advance, the engineering educator must be on his 
toes to take advantage of every trustworthy (and sea-worthy) ad¬ 
vance in the art of teaching. He can ill afford, however, to impro¬ 
vise where he ought to analyze; he must not become an educational 
boondoggler. In the field of engineering education visual methods 
now serve a limited but useful function. There is not, however, in 
the current picture as the writer sees it, justification for the belief 
that such methods offer prospects of being the medium for mate¬ 
rially improving or speeding up the job. Besides various practical 
difliculties inherent in the state of the art, rather than in the art, 
he seriously doubts that such methods can be made to supply the 
sort of exposure and classroom contact that is needed to drive home 
basic engineering work. 



PURE AND APPLIED MATHEMATICS * 

By RUFUS OLDFNBUBGER 
Professor of Mfithcmaties, Illinois Institute of Technology 


For the past fifty years American mathematicians have liecii 
primarily interested in pure, rather than applied, mathematics. 
Undoubtedly mathematics has its roots in the need of man to cope 
better with his surroundings. Certainly early mathematics was 
immediately tied up with applications. But after mathematics 
had attained some measure of maturity and had revealed a struc¬ 
ture of its own, the connection between problems an<l applications 
became less intimate and new problems were attacked out of sheer 
scientific curiosity in an effort to build up the mathematical do¬ 
main itself rather than to solve some immediate i)hysical problem 
for practical reasons. With this evolution, two contrasting at¬ 
titudes toward mathematical research were inevitably produced, 
the so-called “pure” mathematics school, concerned with the solu¬ 
tion of problems which arise in the body of mathematics itself and 
the so-called “applied” mathematics school concerned with prob¬ 
lems encountered in physical situations. 

The position of the pure mathematician needs no justification 
since an investigation of the major branches of mathematics de¬ 
veloped during the last few hundred years affirms that much of 
mathematics was introduced because some investigators were driven 
by curiosity about pure mathematics to explore these fields. Thus 
Gottfried Leibnitz (1646-1716) was led to his discovery of the 
calculus through geometrical considerations, Niels Abel (1802- 
1829) and Evariste Galois (1811-1832) founded the theory of 
Abelian functions and the Galois theory of equations respectively, 
brought to these theories by a sole and intense interest in mathe¬ 
matics itself. 

It is also true that certain important developments in pure 
mathematics had their origin in applications. Thus there is the 
potential function which was introduced into applied mathematics 
by Joseph LaGrange (1736-1813) and extensively treated by 
mathematical physicists long before it was taken over by Georg 
Kiemann (1^26-1866) into pure mathematics. Also functions, 
such as Bessel (1784-1846) functions and Legendre (1752-1833) 

* Presented at the 50th annual meeting, S. P. E. E., June 27-20, 1942, New 
York City. 
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polynomials arose in the treatment of physical problems and led 
to the study of the class of harmonic functions in pure mathematics. 
From this it is maintained that investigations in applied mathe¬ 
matics can be justfied on a purely academic basis. 

A shunning of the a])plied has not always been prevalent among 
mathematicians here. On the contrary, the leading early Ameri¬ 
cans were chiefly of this category. Nathaniel Bowditeh (1773- 
1838) published a book on navigation, as well as a paper on the 
pendulum. Benjamin Pierce (1809-1880) wrote a treatise on 
mechanics, besides contributing to the theory of linear associative 
algebras. George Hill (1838-1914) and Simon Newcomb (1835- 
1909), 3rd and 4th presidents, respectively, of the American Mathe¬ 
matical Society, were both astronomers of considerable reputation 
and contributors to certain phases of pure mathematics. Josiah 
Willard Gibbs (1839-1903), claimed by more than one branch 
of the applied sciences, made fundamental discoveries in thermo¬ 
dynamics and statistical mechanics. The second president of the 
American Mathematical Society, John Emory McClintoek (1840- 
1916) was an actuary with the Mutual Life Insurance Company, 
whereas the fifth, Robert Simpson Woodward (1849-1924) special¬ 
ized in astronomy and geodelics. These men were the leading 
American figures in the mathematical world before the foundation 
of the first important school of mathematics in this country at the 
University of Chicago in 1892, with Eliakim Hastings Moore (1862— 
1932), Heinrich Maschke (1853-1908) and Oskar Bolza (1857- ) 

as professors. 

Tt was this school that was largely responsible in influencing 
the research trends of subseriuent American mathematics. Prom 
here were graduated the students who later aided in founding such 
great mathematical centers as those of Princeton and Harvard 
Universities. It is thus possible to trace the present general inter¬ 
est in pure mathematics to E. H. Moore, the leading American 
mathematician of his day. Moore, who had studied at the Uni¬ 
versity of Berlin under Weierstrass (1815-1897) and Kronecker 
(1823-1891), both mathematicians of the pure variety, had been 
much influenced by them. 

Although there has been a general apathy in this century in 
America toward the applied field, some of the most prominent of 
the present dav mathematicians have made brief excursions into 
this realm. Gilbert A. Bliss, whose first paper was on astronomy, 
contributed to. the theory of anti-aircraft guns during the first 
world war while working in the army ordinance section with Oswald 
Veblen. Veblen as well as Luther P. Eisenhart have done signifi¬ 
cant work in relativity. George D. Birkhoff has written papers on 
art and mathematical physics. Solomon Lefschetz started as an 
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electrical eiifjiiieei-, and after an industrial accident in 1907 began 
his brilliant researches in pure mathematics. Earl R. Hedrick 
wrote on the transmission of heat in boilers, and also on generalized 
forms of Hooke’s Law. Norbert Wiener has written articleig^ on 
electrical filtering, white light, and Brownian motion. 

A few living American mathematicians have devoted them¬ 
selves almost entirely to applied mathemati«*s. Harry Bateman has 
contributed substantially to electromagnetics and hydrodynamics. 
F. D. Mnrnaghan and J. L. Synge to dynamics, elasticity, and rela¬ 
tivity, H. P. Robertson and R. C. Tolman to relativity, while T. C. 
Fry has applied mathematics to the electrical industry. Some of 
these men are of the Briti.sh .school. How-ever, an idea of the com¬ 
paratively small activity in applied matheinatics here can be ob¬ 
tained by an examination of the regular invited a<ldresses given to 
the American Mathematical Society. Tn tlie period of April, 1921 
—April, 1938 there wj*r(* 204 such addresses of which 36 were in 
applied mathemati<'s. Of these, only 9 can be cla.ssed as of the 
engineering variety. 

European mathemati(*ia«is have always shown a keen interest 
in applications. The work and influence of Isaac Newton (1642- 
1727) in this direction was tremendous. Leonhard Euler (1707- 
1783) establislied the general eipiation of hydrodyuarnies. Joseph 
LaGrange introduced the least action principle into mechanics. 
Rudolph <3ebsch (1833 1872) wrote the basic book on elasticity 
theory. Augustin Cauchy (1789-1857) remarkably enough de¬ 
voted himself to all of the major fields of both pure and applied 
mathematics. Carl Gauss (1777-1855) was particularly active in 
geodetics and astronomy. Felix Klein (1849-1925) contributed to 
structural analysis, relativity and mechanics. Henri Poincar^ 
(1854-1912) published results on the mathematics of the steam 
engine, and wrote an important paper (1907) on the magnetic 
energy in alternating systems. David Hilbert (1862- ) was in¬ 

terested in mathematical physics although his work in this field did 
not have an influence to be compared with his significant develop¬ 
ments in the various braiiche.s of pure mathematics. This is by 
no means an exhaustive list of the European giants, excluding in 
particular such men as Galois and Abel. Since a number of great 
mathematicians, such as Euler and Hilbert, turned to applied 
mathematie..s only late in life, it is not unreasonable to suppose that 
Galois and Abel might also have made significant contributions in 
applied mathematics had they but lived a normal span. Thus it 
has been that in Europe, pure, and applied mathematics have ad¬ 
vanced hand in hand. 

With the recent influx of the finest of European mathematieians, 
interest in the applied field has received a new impetus. «Hermann 
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Weyl, John Von Neumann, Uiehard Conrant and Albert Einstein 
are some of the men who have stimulated the American scene. 

Tn speaking of applied mathematics it is advisable to distinguish 
between two schools into which this field can be divided. The one 
is the school of mathematical physics, concerned wth the establish¬ 
ment of general relations between physical phenomena, whereas the 
other is the school of engineering mathematics focusing its atten¬ 
tion on special problems which arise in the various branches of 
engineering. An example of this is the problem in aeronautical 
engineering of the lift of an airplane wing, with special attention 
given to the practical possibilities of the solution. 

The field of engineering mathematics made noteworthy progress in 
Europe near the end of the last century after the visit of Felix Klein 
to the 1893 Chicago World’s Pair. Klein was so much impressed 
by the raw materials, energy, and mechanical developments in this 
country that upon his return to Europe, so short of raw materials, 
in an effort to help her maintain her industrial poisition, he organized 
at Gottingen a school of applied mathematics and mechanics with 
the emphasis on engineering mathematics. T. Von Karman and S. 
Timoshenko, whose influen'lie on modem engineering has been tre¬ 
mendous, were products of this school. Plying in the early daj’s 
was in the hands of inventors and craftsmen, whereas the Gottingen 
group evolved the necessary theory, and since there was no large 
body of conservative engineers to resist new methods, this branch 
developed rapidlj'^ and lias profoundly influenced hydraulics and 
structural analysis. Von Karman and 1'imoshenko are now in this 
country, and are known as engineers rather than mathematicians. 
Also claimed by the engineers are such Americans as Joseph 
Slepian, who has done excellent work on electrical arcs, L. A. 
llazeltine, who invented the iieutrodyne circuit of radio, and 
Thornton Fry, mentioned before, who has done considerable work 
on telephone exchanges and long distance communications. 

With the advent of the second world war there has been a 
natural growth of interest in applied problems. The first school 
of engineering mathematics in this country was founded in 1941 
at Brown University, receiving support from the U. S. Office of 
education, and the Carnegie Corporation of New York, as well as 
the University. It is a significant indication of the dearth of Ameri¬ 
can trained applied mathematicians to know that the faculty of this 
school has been composed entirely of European trained men. It 
is fortunate that such men as Bichard Von Mises, Willy Prager, 
Willy Feller, Hans and Eric Eeissner, Kurt Friedrichs, and others 
have been available. 

There is as yet no journal of applied mathematics in this country 
altiibugh there is a serioivs need for one. The Journal of Hathi^ 
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matics and Physics has been largely devoted to this field but has 
been primarily an outlet for the publications of the faculty at the 
Massachusetts Institute of Technology. The founding of the 
Journal of Applied Mechanics has been of some assistance Tjrhile 
the Physical Review has published a great many papers in mathe¬ 
matical physics, but there is still a real demand for a journal on a 
level between the mathematics journals and those of the physicists 
and engineers, one which would accept papers with a style not so 
severe as that required by the mathematical journals, and with ap¬ 
plied features not quite so practical as those demanded by the 
engineering journals. Such a journal would do much to strengthen 
the position of ai)piied mathematicians. 

Not only has applied mathematics been neglected academically 
but industry has not had the policy of employing mathematicians 
as such. With the exception of a handful of the largest corpora¬ 
tions who recognize their value, the position of mathematicians in 
industry has been analogous to that of the physicists of but a few 
years ago. At that time industrial problems which could have been 
best treated by physicists were turned over to men in 'other fields. 
The recent decided change in this situation has been largely due to 
the founding of the American Institute of Physics in 1931 with 
Henry A. Barton as its full time director. This institute hsis had 
an important influence in the promotion of industrial physicists 
with the result that the present reception of physicists by industry 
is incomparably more enthusiastic than that of mathematicians. 

To educate industry to the use of mathematicians it is neces¬ 
sary that those employed label themselves mathematicians. It is 
necessary also that they become more familiar with the various 
branches of engineering so as to be fully equipped to attack engi¬ 
neering problems. Since the average engineer has had relatively 
little training in mathematics, he is not in a position to abstract a 
problem to a point where the mathematician can begin work on it. 
Therefore, to serve industry, mathematicians must know enough of 
the fundamental laws of elasticity or electrical networks, for ex¬ 
ample, to be able to transform a problem into mathematical terms 
from the physical situation. They should also be familiar with the 
various methods of measuring physical constants and be able to 
carry out or at least supervise experimental work. 

Engineering schools are in an ideal position to train applied 
mathematicians. Here, because of the close association of mathe¬ 
maticians with their engineering colleagues the development of the 
applied field can best be fostered. The beginnings made at Brown 
University in this direction should be extended. Students should 
be encouraged to obtain the doctorate in applied mathematics and 
in addition to a thorough program in pure mathematics^.courses in 
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such subjects as elasticity, plasticity, hydrodynamics, aerodynamics, 
electrical networks, electrodynamics, and thermodynamics should 
be offered. Such a program would be considerably aided by the 
publication of a textbook on engineering mathematics which would 
not only state leading engineering problems in mathematical terms, 
but would show the origin of the mathematical formulation. In 
view of these circumstances it is clearly possible for the professors 
of mathematics in the engineering schools to play an enviable role 
in bringing applied mathematics into a justly important position 
in this country. 
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TEACHING METHODS AND COURSE CONTENT OF 
“INTRODUCTION TO ENGINEERING” 

AT RUTGERS UNIVERSITY* 

By G. a. OLSEN 

Purpose and Conduct of Course 

During the summer of 1941 Rutgers University conducted, as 
part of its elaborate program of national defense training in New 
Jersey, a course in “Introduction to Engineering” for recent high 
school graduates. The course was designed to meet the pressing 
need for technical assistants, draftsmen, junior machinists, etc., re¬ 
quired by the many nearby industries laboring heavily under large 
national defense contracts. Included in its curricula were studies 
in engineering problems, metallurgy and metal processing and engi¬ 
neering drawing. It is the purpose of this paper to discuss the 
methods of presentation and course content of the first of these 
three, engineering problems, to analyze it in the light of similar 
courses given in the regular college curricula and present certain 
conclusions from these analyses. The eighty students who took this 
course came from twenty-three different communities, some located 
as many as 45 miles from New Brunswick. With but a few excep¬ 
tions, they had just graduated from high school. Some weeding 
action took place prior to their acceptance but this was only of the 
very superficial kind. All had comparatively good high school 
records, but as will be shown later, there were many below college 
caliber. 

Course of Study 

Sometime previous to the commencement date, there was 
planned a tentative outline of the course to .be followed. This 
outline provided a rather alow but thorough program of study. It 
was a step in the dark as most proposed outlines must be where 
the background of the students is not fully known. The speaker 
and his colleagues soon found out that the proposed outline was 
entirely inadequate. Some students grasped the significance of the 
subject matter very quickly—others failed utterly. Some-students 
who had obtained good grades in mathematics now showed them¬ 
selves to be woefully weak. There were too many of this type to 

* Presented at the 50th annual meeting, S. F. E. E. (Junior CoDeges), New 
York City, June 27-29,1942. 
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sho 3 v that they had suffered a sudden reversal of form. Startling 
''mathematical revelations”, proved beyond a doubt that their 
preparation for the intended course was poor. 

In order to keep the better students interested and have those 
less prepared dwell on fundamentals, it was necessary to divide the 
students into four groups, A, B, C, and D. Whereas previously 
every student followed the same program, now two separate pro¬ 
grams were instituted—the more advanced for A and B and the 
less advanced for C and D. It was interesting to note how effec¬ 
tively the separation was consummated. At the end of the first 
week the students were given a fairly simple examination covering 
mensuration and practical computations. The grades obtained for 
this quiz were used almost entirely in affecting the separation. As 
the work of the two separate programs progressed it was seen that 
with a possible exception of one or two cases, the division had been 
correctly made. 

It was the more advanced program that the speaker was privi¬ 
leged to teach and all remarks hereafter made will refer to groups 
A and B alone. Out of a total of 44 hours a week in school, 20 
hours were devoted to engineering problems. These hours were 
arranged in groups of four held either in the morning or afternoon 
on five days of the week. Groups A and B alternated in engineer¬ 
ing problems on Thursday and Friday, respectively. The Saturday 
morning hours were devoted to a review and an examination of the 
week's work. Time for supervised study was made necessary due 
to the stipulation of those in authority that no outside work should 
be required. 


Presentation op Subject Matter 

The groups of four hours were, as initially proposed, broken 
down in order of—one hour of lecture, two hours of supervised 
study and one hour of review. In groups A and B it was felt that 
the hour for review was not essential and should be substituted 
with an additional lecture on a topic, interesting and if possible 
relevant to the subject studied in the preceding study period. The 
part-time instructor gave the lecture at this hour. One of the most 
pleasing things concerning the four-hour session was its flexibility. 
There were times when the lectures overran the hour allotted. 
There were also times when the supervised study periods were 
allowed to run over the two hours initially proposed. Whenever 
these changes were made, it was felt that they were made to the 
advantage of the student. For example, on June 23 the students 
were handling their slide rules for th^ first time and were especially 
interested. At the end of the supervised study period their faecir ^ 
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nation was undiminisheci and their need for additional dexterity 
still wanting. To have disturbed this critical concentration period 
would have been unwise and they were allowed to continue working 
problems to the end of the four-hour period. * 

The main lecture, given as has already been indicated at the 
beginning of the four-hour session, covered as thoroughly as possible 
only those topics intended for the supervised study period. In the 
speaker's opinion, time taken to cover topics in lecture which are 
not followed by problem work in the very next study period is 
largely wasted. It was also considered wise to review at the be¬ 
ginning of the lecture the work of the previous day. This was 
dovetailed into the advanced work as the lecture proceeded and 
helped to overcome the lack of orientation in thought evidenced by 
some students. This state of mind was probably caused by the 
lack of outside preparation. 

Groups A and B were separated during the supervised study 
period. One assistant instructor was assigned to each group uhder 
the supervision of the instructor in charge. The latter traveled 
from one group to the other assisting in clearing vague points and 
supervising the study. The work performed during the study period 
consisted of problems taken from the textbooks and special prob¬ 
lems assigned whenever additional Avork seemed advisable. A suffi¬ 
cient number of problems was assigned to keep the average student 
continuously busy during the two-hour session. Care was taken 
not to assign an overabundance of work. If, in the event, a student 
finished before the allotted time, he was the recipient of a few words 
of praise and an additional problem or two to keep him occupied for 
the remainder of the period. The flexibility of this method of 
assignments afforded an opportunity to: 

1. Give a large number of problems. 

2. Vary the difficulty of the problems assigned. 

3. Adjust the number of problems assigned. 

4. Provide advanced students with difficult problems. 

5. Clear up immediately isolated points of difficulty. 

In the course of the supervised study period, caution was taken 
not to answer questions directly until after a sufficient number of 
“provocative thought raisers” had failed to produce the desired 
result. This Socratic method of answering questions led to the 
belief that the students were building a logic of their own. It was 
also noted at first that certain students lacked the confidence to 
accept their own results as correct. This particular method seemed 
to dispel their fears. It was interesting to note that these fears, 
seemed empty in face of the improved logic. 
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'I’o one who had never had occasion to acquaint himself with 
supervised study, the attentiveness of the students to their work 
during these periods was amazing. Would that all our regular 
college students would concentrate as welll! Due to the decrease in 
waste motion^ it was observed that the work accom/plished by an average 
student in two hours was equal to, and in many instances greater than, 
two outside assignments given in regular day school. 

The question is sometimes raised as to whether or not the stu¬ 
dent would be better off trying to puzzle out the answer to his own 
questions. While the speaker would not minimize the benefits of 
this method, he believes the efficiency of it is low. If the ability 
to solve problems is any indication of a person’s command of a 
subject it should prove quite conclusively that the inclusion of a 
supervised study period is an excellent means of attaining this 
facility in a shorter time. But, the question is again raised—“does 
it not make him a mental weakling, dependent on others for assist¬ 
ance? ” It might if the course did not consist of the manipulation 
of principles rather than of arbitrary facts. Inasmuch as the course 
emphasized.the handling of fundamentals and problems different 
from those solved in class Were given on frequent examinations, 
this objection should not be seriously considered. 

Fourth Hour Lecture 

The fourth hour lecture was introduced as a means of awakening 
interest in an advanced, related or parallel field. This step was 
taken when it was noticed that the students were usually tiring of 
solving problems at the end of the two-hour supervised study period. 
This extra “shot in the arm” served to prevent the stalling which 
would have occurred had the two-hour problem period been length¬ 
ened to three hours. The topics covered were briefly reviewed in 
the next regular lecture and problems assigned served to fix the 
material more definitely in the students’ minds. While some of the 
students found it difficult to focus their entire attention upon the 
instructor for the duration of the lecture, it must be said to his 
credit that without the addition of these fourth-hour lectures the 
amount of work would have been substantially reduced. 

Reviews and Examinations 

During the first hour on Saturday mornings a review was given 
of the topics covered during the preceding week. Principles were 
emphasized and simple'" problems served as illustrations. No in¬ 
volved discusidons were attempted. 

The weekly examination followed immediately after the review 
period. In the beginning of the course open book examinations 
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were held. In order to provide greater mental development these 
were eliminated in favor of examinations where no assistance of any 
kind was given. In the opinion of the boys, it made them work 
harder, they were compelled to pay greater attention to the leotures 
and they developed a greater confidence and ability in their work. 

The thoroughness of the examination made possible by the three 
hours available soon proved to be an excellent means of detecting 
weak points. The weekly examinations were intended to take about 
two hours to complete. This allowed the students an additional 
hour, if necessary, to complete the quiz. It had been initially pro¬ 
posed to use this last hour of the morning for a review of the quiz. 
This, however, seemed to be an anti-climax and was eliminated in 
favor of the additional time granted to slow students. 

The weekly examinations were marked by the three assistant 
instructors. Due to the installation of a rotational system, each 
student received the benefit of the judgment of all three assistants. 


Degrke of Learni.vg 

Trying to compare the grades of the students in this “ Introduc¬ 
tion to Engineering” course with grades attained by regular college 
students is not an easy task. The difficulties are many. However, 
the opportunity of frequent and thorough examinations, graded and 
checked by four different people provided grades which in the 
opinions of those responsible were as representati^'c of educational 
levels as was possible to produce. These grades together with an 
intimate knowledge of the students who obtained them have serv<}d 
to crystallize the opinion of the speaker for the comparison about 
to be made. 

Contrasting the dcjgree of learning of the college students the 
writer has been privileged to teach with that of the students in this 
summer course, it is not difficult after an analysis of the grades and 
abilities of each student to derive two surprising conclusions. The 
first is that the students in the summer course knew their subject 
as well as, if not better, than the regular college students, and 
second, there was a smaller range between the best and poorest 
student, indicating a higher group efficiency. 

The find examination was rather extensive in scope as it covered 
a smattering of mathematics, mechanics, kinetics and strength of 
materials. Due to the wide variety in course material and the lack 
of any thorough review either in or out of class, it was both gratify¬ 
ing and interesting to note the grades obtained. 

Let us analyze those for Group A—that group most closely 
approximating college material. The average of th^ grades was 
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76 per cent. Separating the grades into groups we obtain the 
following classification: 


]00%-90%—3 
90%-80%—6 
80%-70%—3 
70%-60%~5 
60%-50%—2. 

These grades do not, in the speaker's opinion, indicate any poorer 
results than would be obtained in any other similar college group. 
It might possibly exceed them. For this reason, it is believed that 
these students proved themselves to have learned as much and 
possibly more than an average college student. It is to be remem¬ 
bered also that these students were under other disadvantages such 
as summer heat, 44 hours of school work a week, no vacation period 
prior to entrance from high school, and in many cases long com¬ 
muting distances. 

• 

Timr- Comparisons 

In these trying days, the subject of time has served as conver¬ 
sation for many lips. Time is no less important in the classroom 
these days than in the factory. And yet, in the light of the time 
consumed in the teaching of our lecture courses, are we availing 
ourselves of the most efficient method of “putting across” that 
which we have to teach? Let us look at a few facts. 

The subject of mechanics has its roots in many college courses. 
The elements are first attacked in the regular Physics course where 
in most instances a half of a semester is devoted to this subject. 
Then again it is not unusual to find a freshman orientation course 
devoting some, if not all, of its time to the elementary principles 
of mechanics. Further, in the sophomore year a more formal course 
is usually given covering the two phases of mechanics, statics and 
kinetics. 

A tabulation of the maximum and minimum number of hours 
usually devoted in these courses to topics covered in the “Intro¬ 
duction to Engineering” course shows the following: 

Min. Max. 

General Physics—7.5 weeks at 6 hrs./week (Includes 


laboratory).. 46 46 

Freshnum Course—15 wee^is at 3 hrs./week. 0 45 

Sophomore Statics.... 10 15 

Sophomore Kinetics. 12 16 


67 121 

(X>Q^ not include dutside assignments) 
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These same topics covered in the “Introduction to Engineering” 
course required the following number of hours of lecture and super¬ 
vised study: 


Statics. 40 

Kinetics. 31 

Total.71 


(No outside assignments required) 

This comparison, while perhaps a little rough, duo to the wide 
variet}’' of courses and techniques, nevertheless shows that mechan¬ 
ics can be taught more efficiently by the supervised study method 
and will produce as good students, if not better, than those sub¬ 
jected to pure lecture courses. These comparisons have been made 
with other subjects taught in this introductory program and the 
results have indicated the same trend as shown before. 

Comparison of Teaching Loads 

Here lies the inherent criticism of the supervised study plan. 
There never has seemed to be any question concerning the greater 
number of instructional hours required. And yet, few figures are 
available showing just how much more time will have to be spent 
by the instructor. Let us analyze this situation by using again 
the same subjects of statics and kinetics appearing in the previous 
paragraphs. The maximum and minimum teaching load in the 
regular college courses required to teach the topics covered in the 
introductory course is as follows: 

Hours 



Instructor 

Assifltnnt 

General Physics. 

. 45 

24 

Freshman Course. 


0 

Sophomore Statics. 

. 10-15 

0 

Sophomore Kinetics. 

. 12-16 

0 


67-115 

24 

The teaching load required in the 

“Introduction to Engineering 

course to cover these same topics is 

as follows: 

Hours 



Instructor 

Assistant 

Statics. 

.40 

18 

Kinetics. 

.31 

16 


71 

34 


These figures would indicate that the number of hours of teach¬ 
ing load for the instructor is approximately the same for both 
set-ups when the college courses require the minimum^number of 
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hours. But as the number of courses involving the study of 
mechanics increases, the advantage lies with the combined course 
taught by the supervised study method. Under this plan the 
required assistant would, however, be on hand a greater number 
of hours. Whether or not the small difference here is significant 
is an open question. Surely the supposed great difference in teach¬ 
ing load would not exist if the various courses teaching mechanics 
could be grouped together under one main course. 

Conclusions 

There is an old Latin proverb, “Repetitio Mater Educato 
Est” which when translated into English infers that repetition is 
the sure way to learn a subject. This is undoubtedly true. But 
the question arises, “How much repetition is d(!sirable in a college 
curriculum to enable the student to (jontinue his studies in a profit¬ 
able manner? ” Is it necessary, for instance, for a student to repeat 
the subject of Statics two or three times before he is prepared to 
take a cour,se in Strength of Materials? The speaker finds it hard 
to believe that this type of repetition is necessary. He believes 
that students in engineering need not take more than the one 
Mechanics course using the supervised study method before com¬ 
mencing further advanced studies. Whatever repetition is neces¬ 
sary will be obtained with the solution of a greater number of 
problems in class and with problems in the succeeding advanced 
courses. 

This last thought provokes still another argument. Should the 
supervised study plan be adopted for all engineering courses? The 
speaker believes that the advantages of this method would suffer 
if it were adopted for courses other than the basic service courses. 
It is his belief that no advanced subject can be thoroughly mas¬ 
tered without considerable self-study. 

No attempt has been made to suggest how a course of this type 
and layout could be fitted into the program of an institution oper¬ 
ating at near capacity at the present time. This difficulty is 
unique and calls for an individual solution. If, however, a pro¬ 
gram has benefits such as accrued from the methods adopted in the 
“Introduction to Engineering” course at Rutgers, the speaker feels 
that its adoption into the curricula of our univei-sities and colleges 
should be seriously considered even at this time. 

The writer wishes to express his indebtedness to his colleague 
Mr. Sylvan Pich who delivered the fourth hour lectures and helped 
crystallize much of the thought in this paper. 



SURVEY OF TYPE AND CONTENT OF COURSE MATE¬ 
RIAL IN MECHANICAL ENGINEERING 
LABORATORY INSTRUCTION * 

By frank L. SCHWARTZ 

Assist,ant Professor of Mechanical Engineering, XJnivorsity of Michigan 

Questionnaires were sent to thirty-three schools and replies were 
received from 91 per cent of the schools canvassed. The survey 
covers twenty per cent of the engineering schools and forty-five 
per cent of the students of engineering schools in the United States. 

At the annual meeting held at Pennsylvania State College in 
1939, Professor Elliott of Wisconsin presented a paper, “A Survey 
of Heat Power Engineering Courses in the United States.” Pro¬ 
fessor Elliott’s paper dealt primarily with classroom instruction 
and heat power texts. The purpose of the present survey is to 
consider laboratory instruction for mechanical engineering stu¬ 
dents, particularly heat power laboratory instruction. Also, it 
would be of interest and value to compare the course content at 
intervals of say, ten years. Some of the experiments recently 
added to laboratory coiii*ses include heat transfer, fluid flow, metal¬ 
lography, and mechanical vibrations. As industry changes be¬ 
cause of new developments, new courses are added to the cui*ricu- 
lum, or at least the content of older courses is changed. These 
changes should apply to laboratory courses as well as to classroom 
courses. 

The data have been tabulated on the accompanying chart. The 
number of clock hours assigned to mechanical engineering labora¬ 
tory varies considerably in a range of 90 to 320 hours, with an 
average of 203 hours. Relatively few schools offer additional labo¬ 
ratory courses as electives. The number of required courses varies 
from 2 to 5. The credit hours allowed for the required courses 
ranged from 2 to 20. However, since there is not a standard defi¬ 
nition of a credit hour, the number of credit hours allowed for 
required mechanical engineering laboratory courses has little 
significance. 

The number of students per instructor varies from 5 to 38, with 
an average of 14.6. Over half of tbe colleges canvassed require 
complete reports on all experiments performed and, with two excep- 

* Presented at the fiftieth annual meeting, S. P. E. E. (Mechanical Engi¬ 
neering), New York City, Juno 27-29, 1942. 
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tioiis, alJ schools require complete reports with at least 50 per cent 
of the experiments. Tn about % of the schools the English Depart¬ 
ment reads at least some of the reports. Tn only one school does 
the English Department grade the reports. In 34 collefe'^s 

students are urged to secure a reference book. Tn all but two 
schools mimeographed notes or laboratory manuals are used and 
there seems to be little preference between notes or manuals. Sev¬ 
eral schools use both. 

The course content varies within wide limits. The large varia¬ 
tion of course content is influenced by such factors as available 
equipment, interests of instructors, specialization in certain fields at 
a given institution, type of school and allocation of theory courses 
among the several departments of a given school. The experiments 
have been listed on the chart under the headings: Instruments, 
Prime Movers, Power Plant Auxiliaries, Hydraulics, Air Condition¬ 
ing, Heat Transfer, Kefrigeration, Fuels, Oil,'Mechanics, Materials. 
Many of the experiments could be classified under several headings. 
(Certain experiments are combination experiments such as a com¬ 
bined test of a boiler and steam engine. Instruments is the second 
largest group of experiments- In some schools the study of instru¬ 
ments is made a part of an experiment wherein the instruments aije 
used. Thus blank spaces in the instrument group do not necessarily 
indicate the particular instrument is not studied or calibrated. 
The largest group of te.sts is that involving-the testing of prime 
movers with about as many tests of internal combustion engines as 
of steam engines and turbines. The principal tests of prime movers 
include: Valve Setting, Steam Engine Tests, Turbine Tests, Auto¬ 
motive Type Engines, Diesel Engines. 

Of the Power Plant Auxiliaries group the most popular experi¬ 
ments are: Injector,- Centrifugal Pump, Steam Pump, Air Com¬ 
pressor, Boiler Test. 

At least half of the schools surveyed have separate hydraulic 
laboratory courses given by either the mechanical, civil, or applied 
mechanics department. Several schools seem not to give any labo¬ 
ratory work in hydraulics. A few schools include the study of hy- . 
draulic equipment in their heat power laboratory^lf 

Most schools have included one or more experiments on air 
conditioning. If not dealing with cooling and dehumidification, 
experiments on domestic boilers, unit heaters or radiators are usu¬ 
ally assigned. Some attempt has been made to include experiments 
involving heat transfer calculations, but the present survey shows 
that only a few experiments are assigned in only a few schools and ^ 
the experiments appear to be rather elementary. Nearly idl courses 
have an experiment on compreasion refrigeration, but few atteinj^t. - 
e;cperimental work on the absorption system or steam jet refi^ra- 
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tiolu, Fuel testiiif? is largely Jimited to determination of heating: 
value of coal and gras, proximate analysis of coal and flue {?as analy¬ 
sis. Apparently few laboratories are equipped with CPR (Co¬ 
operative Fuels Research) enprines. Laboratory instruction on 
physical properties of oil is included in a majority of cases either 
in a heat power laboratory course or in a special fuel and oil 
laboratory course. 

A list of experiments jjiven at only one or two institutions in- 
('ludes: Curve Drawing:, Determination of Clearance, (Jovernors, 
X’^alve (tears, [jocomotive Test, Triple Expansion Steam Engine, 
Boiler and Engine Test, Power Plant Study, Diesel Engine Timing, 
Uadial Engine, Piilsometer, Rotary Pump, Superheater Test, Evap¬ 
orators, Producer (las Plant, Automatic Controls, Kohler Electric 
Light Plant. Hydraulic Ram, Aiiloniatic ^'’entilators, Heat Trans¬ 
fer Through (Jopper Tubing, Cuarded IIot-Box Performance, 
(ruarded Hot-Plate Performance, Pin Tube Coil, Pan Heating and 
Heating Systems, Vacuum Jet Refrigeration, Pressure-Temperature 
(Uiaracteristics of Liquid Fuels, Ash Fusion Temperature, Carbon 
Residue of Licpiid Fuels, Ser^^w Jack, Ploist, Electric Crane, Fric¬ 
tion Drives, Belt Drives, Speed Reducer, Twist Drills, Railway Dy¬ 
namometer Car, Railway Brake Shoes, Automotive Brake Tester, 
A^ibration Analysis of Machine Bases, Pressure Temperature Re¬ 
lation of Steam, Psycliroraetric Tests, Adiabatic Saturation. 

The data on the chart cannot be considered as complete. Some 
experiments might be given in other laboratory courses. This is 
])artieularly true with experiments on hydraulics, fuels and mate¬ 
rials. No indication is given concerning the extent or time allotted 
for a given report. 

At the bottom of the chart are tabulated seven laboratory 
<-oiii*ses other than heat jioAver laboratory, witli the departments in 
which they are taught. These data were obtained from college 
catalogues. A large variation in course names is to be found. 
These courses are listed under the names: 

Metallography, Physical Metallurgy, Metals and Alloys, Metallurgy 
Laboratory. 

Hydraulic Labbjratory, Fluid Mechanics, Fluid Plow. 

Strength of Materials Laboratory, Materials Laboratory, Engi¬ 
neering Materials Laboratory, Materials Testing, Mechanics of 
Materials, etc. 

Fuels and Oil Laboratory, Fuels and Combustion, Engineering 
Chemistry. 

Internal Combustion Bhgine Laboratory, Automotive Laboratory, 
Diesel Laboratory, Aero Laboratory. 

Machine Design, Vibration Laboratory, 
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There is a wide, variation in departments assigned to teach 
metallography, hydraulic laboratory, strength of materials labora¬ 
tory, ahd fuels laboratory. Fifty per cent of the colleges in the 
survey are giving laboratory instruction in metallography. Hy¬ 
draulics laboratory is also included in half of the schools as a sepa¬ 
rate course. Other schools include hydraulic experiments in me¬ 
chanical engineering laboratory. Nearly all colleges have strength 
of materials laboratory given by either mechanical, civil, or me¬ 
chanics dept. About % of the colleges have a separate laboratory 
for fuels and oils. A few schools are operating a laboratory in 
parallel with machine design courses. This is a relatively new 
development. These courses include photoelastic studies of fillets 
and similar stress concentrations, lubricating properties of oil, bear¬ 
ing tests, critical speeds, vibration isolation of machine bases, gyro¬ 
scopic action, etc. 

An average curriculum in mechanical engineering would con¬ 
tain three or four courses in mechanical engineering laboratory 
with a total of 200 clock hours. There would be approximately 
15 students per instructor. Complete reports would be required 
for 85 per cent of the experiments. The English Department might 
be asked to read some of the reports but not to grade them. In¬ 
struction would be given by lecture and with the aid of a laboratory 
manual or mimeographed notes supplemented by reference books. 
About 29 experiments would be assigned and would include the 
following: Calorimeters, Steam Engine, two experiments. Steam 
Turbine, Internal Combusion Engine, two experiments, Diesel En¬ 
gine, Air Compressor, Centrifugal Pan, Compression Refrigeration 
Plant. Seventy-five per cent of the courses contain the above tests. 
Other experiments would probably include tests or study of: Plani- 
meters, Power Measurements, Dynamometer, Thermometers, Pres¬ 
sure and Vacuum gages, Manometers, Indicators, Indicator Springs, 
Gas, Water, Steam and Air Plow Measurements, Valve Setting, two 
experiments. Injector, Centrifugal Pump, Steam Pump, Boiler 
Test, Air Conditioner, Heating Value of Coal, Heating Value of 
Gas or Gasoline, Proximate Analysis of Coal, Flue Gas Anal3rsis, 
Physical Properties of Oil. 

What should be included in a laboratory course and how labora¬ 
tory instruction can be made most effective are questions to which 
answers are usually given as opinions rather than facts. No one 
can accuse mechanical engineering laboratory instruction as being 
standardized. Perhaps engineering teachers of mechanical engi¬ 
neering laboratory are slow to develop new experiments and to re¬ 
vise old ones. One is always faced with the question of whkt should 
a laboratory course accomplish. Is the laboratoi!^ a place where 
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theoretical principles are tested; where the student becomes fa¬ 
miliar with the latest and best equipment; where rudiments of 
testing and properties of materials are illustrated; where a'student 
learns to plot data and write technical reports? 

Many questions concerning mechanical engineering laboratory 
might be asked. A few are: 

1. Is it desirable or necessary to have experimental work in the 
laboratory parallel classroom instruction? 

2. Should all tests conform to A. S. M. E., A. S. T. M., S. A. E., 
etc., codes where codes are available? 

3. Should students be required to use A. S. A. standard 
symbols? 

4. Is it desirable to have a separate mechanical engineering 
laboratory department? 

5. Should instructors of theory courses be required to teach 
some laboratory courses? 

6. What experiments now given might be omitted? 

7. How<ian some experiments be combined? 

8. Is it desirable to assigii a large number of experiments which 
are more or less specialized, or should a small number of experi¬ 
ments be set up which tie in several specialized tests ? 

9. Should the test of an air compressor be assigned before the 
testing of a steam engine ? 

10. What new experiments are highly desirable? 

11. Should mechanical engineering teachers attempt to deter¬ 
mine future needs of mechanical engineers and lay out laboratory 
courses to meet these needs, or should they wait until such demands 
are made by industry—»*.<?., should the mechanical engineering labo¬ 
ratory instruction lead or follow the demands of industry? 

12. Are mimeographed notes more desirable than laboratory 
maniials? 

13. Should complete reports be required for all experiments? 



SOME DESIGN PROBLEMS OF THE LIBERTY 

CARGO SHIPS* 

By Hbnby C. E. MEYER 
Of Gibbs and Cox, 1 Broadway, New York City 

When I was asked to address you gentlemen I was given to 
understand that what I was supposed to talk about were certain 
engineering features in connection with War Work which might be 
of interest both from the engineering point of view', and from the 
practical production angle and also to see to it that they had some 
human interest values. Well, offhand I would^say that there is 
very little you can touch upon in this war that is devoid of human 
interest as this struggle has become so widespread that each one of 
us is sorely affected by it in a thousand different ways. 

While many may be inclined to disagree with me When I say 
that a state of war in the broad sense is not a normal condition 
for humanity to live in, since all life is a struggle, yet I feel that 
peace and war conditions of the body politic can rightly be com¬ 
pared with health and sickness of the corporeal body. And as the 
corporeal body reacts abnormally during severe illness, so too in 
wartimes we experience abnormal and contradictory conditions. 
In war we sec sublime courage and devotion on the one hand and 
unspeakable cruelty and suffering on the other. 

So on the one hand we have tremendous strides in advance in 
invention, on the other sheer necessity leads us to revei’t to prac¬ 
tices and implements which were gradually falling into disuse. 
This leads me to a particular phase of wartime construction, 
namely, the type of machinery used in the so-called Liberty Ships 
and the sound reasons underlying its adoption. 

While in the press we hear constant reports of how the ship¬ 
builders are not producing enough ships, the fact remains that this 
particular type of ship is being completed in great numbers and 
while many more are still wanted and every effort should be made 
to expedite their building it still is true that a colossal accomplish¬ 
ment has been made already and when peace finally comes, as it 
assuredly wdll, these vessels will have had an important part in 
bringing it about. 

Later on I propose to say a few things about what I believe to 
be^some of the reasons underlying the fact that we are now desper- 

* Presented at the 50th annual ijneeting, S. P. E. E. (M. E.), New York City, 
June 27-29, 1942. 
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ately trying to make up for lost time, but first I want to discuss 
the genesis of the Liberty Ships, which were an outgrowth of certain 
other ships ordered by the British Government. 

In December, 1940 the British Government, faced with a con¬ 
stantly dwindling merchant fleet, decided to build sixty cargo vessels 
of roughly 10,000 tons deadweight, that is, cargo-carrying capacity, 
in this country and when they decided upon the type to be built 
they picked what is known as the North East Coast tramp. Now 
it happens that in the days of my youth I served an apprenticeship 
in one of the engine-building concerns on the northeast coast of 
England and later sailed in a typical tramp of this type, and hence 
this type of vessel had Ipng been familiar to me and as a matter of 
fact was being remembered with a somewhat nostalgic interest. 
To anyone who has once sailed in the old reciprocating days, there 
never can be the romance in a turbine installation that there was 
in the old steam engine. I came across an old poem some time ago 
that expresses that feeling much better than I can and I will read 
it to you as it is short. 

The HeL'EKcuocatin’ Mon 

Oh! woe.somo ’oor that saw the birth 
O’ turbine tluashts in Parsons lieid, 

1 wee.sh that I wis aff the eartli 
Or else the turbine men wer' deid. 

I’M a receeprocatin’ mon, 

I hive tae hear the bearin’ bump. 

Or yet, the piston groan an’ grunt 
tliat’.s religated tae a pump. 

This whurligeein’ thing I hate, 

For whatna guid is it tae dae'? 

Tae sec the fearsome thing gyrate 
Gar’s me puir stummick gang agley. 

I widna earc if it had ocht 

Tae need a tender fitter’s hand, 

But it rins sae weel sin’ it was boelit 
I havna had to slack a gland. 

I hate the tribe of whurligeegs, 

It’s just a pinch o’ steam, then seatt: 

I’m a receeprocatin’ mon 
I Stan’ or fa’ wi’ Jamie Watt. 

•t 

Please do not take this too seriously as all seafaring people are 
such fearful liars. They are beefing every minute they are at sea 
about the hard lives they lead and how they wish they had a small 
comer grocery store at home with a liquor license attached, but let 
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them once reach that Utopia, from the moment they leave the sea 
until they pass in their checks they are telling all and sundry all 
about the romance of the sea, etc. 

However, to return to our North East Coast tramp. This par¬ 
ticular type of vessel, while it has for the last forty years carried 
the bulk of the world's cargoes, in some ways bears the same rela¬ 
tion to a modern cargo carrier as the Model "T" Ford bears to a 
modem automobile. 

We in America have developed cargo vessels fully the equal of 
anything abroad, and the British themselves have made consider¬ 
able improvements in machinery for cargo vessels, so we felt some¬ 
what surprised at the type of machinery selected, nay we were even 
dismayed as we were not at all sure that we could find today 
builders who could manufacture machinery of a type almost aban¬ 
doned here. That the British had their misgivings as to our ability 
to deliver was also very evident, since they provided us with draw¬ 
ings of engines which did not represent their latest types, which 
use poppet valves for the H.P. and M.P. cylinders, but with draw¬ 
ings of an engine substantially identical with those built" forty years 
ago. Another step which on the surface appeared to be backward 
was that the vessels were to be coal-buming, hand-fired, with 
Scotch boilers. 

The use of coal which at first seemed surprising was however 
essential to the British as they were conserving their oil supply and 
in view of recent events we may come to regret some of our prodi¬ 
gality. Fortunately after w'e had become somewhat reluctantly 
reconciled to these decisions things began to happen. Two com¬ 
panies undertook to build shipyards with a promise to deliver the 
first ship ill ten months. A builder who had built similar engines 
in the past undertook to build the engines.' A manufacturer of 
locomotives undertook to build the Scotch boilers and so on and 
so on. As the plans supplied by Great Britain for the engines did 
not suit American Shop practices, the engine builders made new 
plans to cover points which in England are left to shop foremen 
and made the plans more readily adaptable for quantity production. 

While all of this is still leading up to the “Liberty Ships” before 
reaching them I want to direct your attention to what to me have 
been minor miracles. 

First, the engines were built and delivered on time and were 
excellent looking machines. Say what we will, they may have been 
of an almost obsolete design but there they were, and they are 
operating splendidly. 

Second, the boilers about which I had many misgivings were 
the best looking Scotch boilers 1 have ever seen. Miuiy yearn aga 
1 specialized on the design of this type of boiler and when X looked • 
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on these boilers, I could not help but feeljthat there had been a 
tremendous advance in the art of boiler making since last I was 
connected with it. 

Third, the new yards were built and vessels completed with 
organizations that an orthodox shipbuilder would have considered 
as hopeless amateurs, and yet when I saw the first vessel in dry 
dock I could not help but admire the smooth-efficient manner in 
which the ship had been built. 

Fourth, the first ship was delivered in October 1941, and on 
December 21, 1941 I was on board this vessel after it had made 
a fulb'^ loaded trip from the Pacific Coast through the Panama 
Canal to the East Coast. 

Novr, as I said before, strange things happen in war tim<;s, and 
to me who had for so many years dealt with nothing but oil burning 
vessels, this return to hand-fired, coal-bumiug was somewhat of a 
shock. To pass from an oil burning fire-room where everything is 
painted light or polished to a fire-room where hot coals are dragged 
out on the floor plates and extinguished with sea water each watch 
is a frightful contrast and one cannot help but be impressed by the 
fact that a hand-fired coal-burning ship is as dependent on the 
strength of man for its propulsion as was the ancient galley that 
w'as rowed by oars. 

I have felt like a slave-driver myself many a time in the days 
when I used to x*un to the Gulf of Mexico and saw men collapse 
with fireman's cramps when trying to keep up steam. For anyone 
who has not a clear picture of what going to sea meant even in 
peace times under such conditions I commend McFee's book 
“Watch Below” which is the truest “picture” of that kind I have 
ever read. 

Before finally leaving the subject of the British ships, there are 
several things I want you to note: 

It is evident that their choice as to type w'as sound in that it 
ensured them having ships instead of promises of ships. 

The ships present no operating problems to the British and I 
want here and now to express my admiration for these merchant 
crews who carry on under indescribable hardships, and certainly 
Churchill’s words, “Sweat, Blood and Tears,” applies to them. 

Then the ships were and are being built on time and the British 
representatives here and abroad have not hesitated to praise the 
American builders and the quality of the sffips. 

In view of the results obtained there can now hardly be any 
question as to the wisdom of the decision by the British to stick 
to a simple type of vessel. 

Shortly liter the British Ships were contracted for the U. S. 
Maritime Commission decided to build a large nuinber of wh%t 



458 


DKSKIN PKOIILEMS OF IJBKRTV C^AR({0 SHIPS 


were then called “Ugly Ducklings” but are now generally r(?ferred 
to as “Liberty Ships.” I personally resented very much the name 
“Ugly Duckling” until one of my assistants drew my attention to 
the fact that in Hans Christian Anderson’s immortal fairy tal^ the 
“Ugly Duckling” turned into a swan. Well to a very large degree 
Hans Anderson’s tale has come true, as not only are the ships good 
looking ships for their type but what is more important they are 
also being built and delivered and many are in service today. 
However, there lies behind this accomplishment a great deal of very 
hard work and a great many bold decisions. 

First, while these ships are generally of a type similar to the 
British ships, many changes were made most important of which 
were the use of oil as fuel and water tube boilers instead of Scotch 
boilers. These two features were undoubtedly improvements, but 
the difficulty now arose that once started the tendency to change 
the design so as to “improve” it became almost an avalanche. 

You gentlemen, who are interested in engineering education 
have a great responsiliility as our future will depend more and more 
upon succe.ssful engineering, but I think you should give consider¬ 
able attention to this tendency of ours to “improve” things. 
1 will yield to no one, in my desire for advancement in engineering, 
or in my belief that w'hcn we stop progressing we die, but I have 
suffered a great deal in my career from “improvements” made 
mostly hy others but also sometimes by mj-^self. 

Now, it can be imagined that when it was proposed to build 
very large numbers of American ships w*ith machinery largely iden¬ 
tical with that of a British type of cargo steamer when we had 
developed cargo vessels of a much higher type with much more 
modern machinery, it took a special set of circumstances and a 
special kind of courage to make the final decision. Unfortunately 
the special circumstances existed in the exigencies of war and thank 
God the courage was also there in the authorities who had the 
final say so. 

This does not mean that there was not a great deal of argument 
from the bright and well meaning individuals who desired to rescue 
some of the machinery from the stigma of antiquated design. 
I say it took courage in the face of such criticisms to finally insist 
on duplication of the British machinery wherever possible, and 
again I repeat such courage was present in high places. 

Now let me point out that had another course been followed 
the changes in minor details would have been legion, and while the 
ultimate result might have been a somewhat more efficient installa¬ 
tion .several other and most unpleasant things might have happened. 

First, it has been my unfortunate experience in many cases that 
where an “improvement” is made in any piece of apparatus that 



DESIGN PROBLEMS OP LIBERTY CARGO SHIPS 


459 


fimctions perfectly without this “improvement” we generally get 
into trouble. I hav^e in mind a number of cases where certain 
apparatus had functioned properly for years, and when increased 
production was required other manufacturers were called upon to 
manufacture this apparatus from the original designs. As a matter 
of engineering pride the new manufacturers who were given the 
original designs made certain small apparently innocuous changes, 
which completely ditched the performance of the apparatus in 
question resulting in much loss of time and study to find in the end 
that the old features had to be restored. 

Next, whenever changes of this type are made they usually 
involve a great many conferences, and then unless the changes are 
properly tested out before their adoption, one has the unpleasant 
experi<uicc of finding that when the entire plant is tested the per¬ 
formance is marred due to the failure of some very small detail. 
As a matter of fact I am always much more afraid of the results 
from the failure of the small inconsequential details than I am of 
the major probl(*m.s in engineering. As an example of what I mean 
I can cite the following! 

When after the last war tlio firm I am connected with recondi¬ 
tioned the S.S. Leviathan we found that the holds aft of the ma¬ 
chinery spaces all drained into one common space namely, the shaft 
alleys, where there were cocks which were supposed to be closed 
in case of a collision. We did not believe this to be a safe arrange¬ 
ment for a piissengcr steamer so we isolated the various compart¬ 
ments by installing separate closed tanks for each compartment. 
Yet wc found the entire scheme was nullified as the pipe fitters 
(jonnected all of the, vents from tlnj tanks to a common line below 
the water line. Fortunately the mistake was discovered before the 
ship went into service. 

In the machinery installation.s of the Liberty Ships in addition 
to the two principal changes mentioned before, there were many 
other more or less old-fashioned features and I will endeavor to 
enumerate the principal ones. 

The vacuum was maintained by air pumps of the “Edwards” 
type driven by levers from the L.P. crossheads instead of by air 
ejectors and condensate pumps. The main feed pumps are of the 
vertical simplex reciprocating steam driven type. The main circu¬ 
lating pump is of the centrifugal type steam engine driven. The 
forced draft blower is of the multi-vane type driven by recipro¬ 
cating steam engine. The generators are driven by reciprocating 
steam engines. 

So you see all of these auxiliaries were of a type not very fre¬ 
quently built any more, and there was therefore quite a revival in 
the building of small reciprocating machinery. 
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When the Liberty Ship program got under way there were con¬ 
tracts made with about twelve engine builders who were all sup¬ 
plied with plans of the engines for the British ships. As stated 
before the first American manufacturer had redrawn and ampRfied 
the British plans to suit American practice. As soon as those plans 
were distributed the fun started all over again, as each manufac¬ 
turer had practices that differed somewhat from the others, and 
correspondence about details took on such tremendous proportions 
that utter confusion would have resulted had not a conference 
between all of the engine manufacturers and the various interests 
been called to straighten out details. Two days of such a confer¬ 
ence performed marvels. All of the difficulties were ironed out and 
from then on the progress was rapid with a minimum of questions 
arising. The cooperation of these engine builders with the various 
authorities and with each other was a most healthy example of what 
American unity can do when it wishes to really “go to town.” 

What worked in the case of the engines was equally effective 
in the case of the boilers, auxiliaries, deck machinery and other 
component parts of the vessel. This most cooperative effort bore 
splendid fruit. 

I well remember the last World War when we also endeavored 
to build “a bridge of ships” as it was then called. I was connected 
with the American Bureau of Shipping at the time and got a very 
intimate view of the entire picture. Yards sprang up all over the 
country, and almost each yard designed a type of vessel of its own. 
Hence all of the yards competed with each other for the technicians 
available in the country and as shipbuilding had always been more 
or less a child of misfortune, that group of technicians was spread 
out pretty thin. 

Then the various yards competed with each other in obtaining 
equipment and in general machinery designed for ships building in 
one yard could not be changed to another yard. From this re¬ 
sulted the condition that if a machinery builder failed to deliver 
on time the ship had to wait, or if the ship was late the engine would 
be left standing on the dock. In view of this confusion it was sur¬ 
prising that any ships were completed before the Armistice, and 
the painful fact is that of some two thousand ships ordered during 
the last war the very great majority were completed after the 
Armistice. 

Thank God, some one had the foresight to avoid such a thing 
this time, and as a result today ships are building at many yards 
that are identical, and engines, boilers, shafting, propellers and 
auxiliaries are being swapped all over the country, ships which need 
engines, getting them on time whether they were the engines sched¬ 
uled for them or not. * 
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I mentioned a few moments ago the fact that some two thousand 
ships were built during and after the last war with great hopes for 
an American Merchant Marine. Where are all of these ships? 
Gentlemen the tragedy of it is that nearly all have gone to the 
scrap-yard, and unfortunately a great deal of that scrap has been 
used by Japan to make munitions to shoot back at us. 

I said some time ago that I wanted to touch upon some of the 
reasons why we have been so unprepared as regards our maritime 
affairs. 

If one reviews the history of the United States one finds that 
while we can exert tremendous efforts in the face of great stress to 
build both a merchant marine or a Navy, we become completely 
apathetic the minute the danger passes, and while we now promise 
ourselves that we will make this the greatest maritime nation in 
the world, we’ll ship our goods in German and Japanese ships after 
the war is over if we don’t make up our minds now, “That it shall 
not happen again.” 

Right at the present time there is naturally a great interest in 
the magnificent performance of.our Navy and also everybody is 
keenly aware of the cry for more and more ships. But how many 
of us realize that between the <md of the 1st World W’^ar and 1933 
there was very little Naval construction of any kind, and that there 
were built only very few merchant ships foi- any purpose? 

As mentioned before the sp<.*aker was int(‘rested in the recon¬ 
struction of the Leviathan after the 1st World W'ar and w^hilc tem¬ 
porarily there seemed to be some interest on the part of the American 
public in American ships at the time this ship went into service, 

I heal’d many Americans say not long after, “Why should w^e travel 
on American ships where you can’t get a drink? ” Well, gentlemen, 

1 never thought much of Prohibition, but I think it is pathetic that 
the patronage of many Americans went b 3 '' preference to non- 
American passenger ships for the sake of a drink. As a matter of 
fact I doubt if some of the thirsty ones would have found it abso¬ 
lutely impossible to have their wants met even on American ships. 
This apathy of the public in maritime affairs is to a large extent 
responsible for the fact that we arc now feverishly building up our 
Navy. Surely it cannot be blamed on the Navy as they have 
consistently begged and pleaded for a long range plan of building ' 
up the Naval Forces, but disarmament was in the air, and as was 
said many times “Public opinion would not stand for it.” 

Now, “Public opinion” is you and I and all political leaders are 
very sensitive to “Public opinion” and if enough will clamor for 
tax reduction the first thing to go will be appropriations for the 
armed forces. So, we have our choice right now. 
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When the war is over we can start yelling for reduction in arma¬ 
ments with the inevitable result that in some twenty years we will 
again be unprepared, and remember, the time element wherein we 
can “catch up” on the enemy is ever getting shorter, and the diffi¬ 
culties of getting started from scratch are (wer getting greater as 
mechanical science becomes more complicated. On the other hand 
we can start now and resolve that come what may, we will oppose 
any move that will allow our armed forces to slump back into a 
condition where an enemy can prepare himself over a period of 
years to attack us when he feels he is good and ready. I am for 
disarmament of the “ Knerny.” 



ESMWT—AN EXPERIMENT IN ENGINEERING 

EDUCATION * 


By FRED W. OCVTRK 
Comoll TTnivpraity 


The BSMDT, now ESMWT, has been in force for over a year 
and a half, and there is no doubt that it will continue to be in 
force for sometime to come. No one actually knows how long it will 
(Midure, but we are faced with daring to think of the possibility 
that it may become a peacetime institution. Ilow'ever, whether it 
survives a long life or not, the ESMWT has been and still is an 
experiment which will leave its effect upon engineering education 
and may even reae.h into its peacetime policies. With the permis¬ 
sion of this body, T should like to make some remarks about the 
possible trend in engineering,-education based upon observations 
made in the ESMWT program si)onsored by Cornell University in 
Buffalo, N. y. 

The ESMWT has become a meeting ground for three impor¬ 
tant agencies, namely, the United States government, industry 
and the university. The fact that these agencies have been so 
closely united for the common interest of the people of the United 
States and for democracy indicates that the university has a large 
social obligation to fulfill. It is true that the university lias al¬ 
ways felt this obligation by ever broadening its dissemination of 
knowledge to a growing student body. Now, however, it has the 
impetus to broaden itself even more. 

But how can the university better meet its responsibilities to 
industry and country if more is demanded of it? Surely the num¬ 
ber of departments and branches in the engineering school has 
reached its saturation point. It is suggested here that this can be 
done not by adding more departments and branches but by offer¬ 
ing training at a greater number of levels to individuals of vari¬ 
ous levels of intelligence and capabilities. The word “level” here 
is meant to be synonymous with the word “grade.” 

Industry has found that it can use trained personnel of many 
grades. For example, it has a place for the college graduate as 
well as for the graduate* with advanced degrees, and it also has a 
place for the high school graduate. But in addition to these, it 

* Presented at the fiftieth annual meeting, S. P. E. E. (Mechanics), New 
York CJity, June 27-29, 1942, 
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also has a great many places for personnel who should be trained 
between high school grade and college grade. Unfortunately, not 
enough men of such grade are available because not enough of 
such in-between training is available. To be sure, technical in¬ 
stitutes and advanced vocational and technical high schools are 
providing training of this grade, but it appaers that this field of 
training is so broad as to make it necessary to call the university 
into it. 

The ESMWT has to some measure provided the necessary fill¬ 
ing for this gap by training the in-between type of engineering 
student. For example, in the ESMWT courses offered to the air¬ 
craft industries of Buffalo, Cornell University has been providing 
courses in aircraft structures which are of the three distinct levels 
indicated by “elementary, intermediate and advanced.’^ The dif¬ 
ference in the level of each course seems to be clearly defined by 
the theoretical and mathematical background thaf the student 
taking these courses is capable of absorbing. The “elementary” 
student, for example, is prepared to learn about aerodynamics and 
aircraft structures so long as the mathematics involved‘is no more 
difficult than algebra and trigonometry. The. “intermediate” 
student is capable of understanding these same subjects with a 
background of higher mathematics such as the calculus so Jong as 
it is used in derivations but not in the so-called practical execution 
of problems of analysis and design. The third level of student, 
the “advanced” student, is of graduate caliber and is able to 
master the use of higher mathematics and apply it to such theories 
as elasticity and fluid mechanics. 

The last named type of student trained in higher mathematics 
and in classical engineering is a type that the university looks 
upon as ideal; this is the type it wishes to turn out, but unfortu¬ 
nately, there is a limited number of this type. The great major¬ 
ity of students graduated are of the “intermediate” type. This is 
not meant to be a criticism since both of these types are necessary 
to industry, and the university is performing its function well in 
training such types. 

However, the “elementary” student may be the one that we 
have neglected. He is the type of student that finds mathematics 
particularly difficult; he is the type that flunks calculus; he is the 
type that busts out of college at the end of the second year because 
he has reached the terminal point in his level of academic study. 
Yet this type of student can be well utilized in industry for lesser 
engineering jobs providing that he had a training of a so-called 
practical nature. This is the type of student that could be di¬ 
rected to undertake more than the usual amount of drafting, more 
than the usual amount of machine shop work, to take gourses in 
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(laiigiEg and tooling, standard structural and routine chemical and 
metallurgical testing. 

Just how the university can solve the “elementary” student’s 
problem is not offered here, because it is not an easy problem to 
solve, but an effort is here made to emphasize the importance of 
this student’s problem. Engineering educators have been con¬ 
sidering this problem for some time so that it cannot be said to 
be a new one. It is here revived only because it has become of 
great importance in the industrial effort for the sake of the people 
of the United States. 

Since the university is offering training to the “elementary” 
student through the channels of the ESMWT, I should like to tell 
of the training which Cornell University has been offering to this 
type of student for the benefit of the aircraft industries of Buffalo, 
N. Y. Of all of the courses offered in the Cornell brochure, the 
courses commanding the largest interest and the largest enroll¬ 
ment were the elementary ones. A great wave of students already 
employed in the aircraft plants, namely, Bell Aircraft Corporation 
and Curtiss-Wright Corporation, came to the courses to obtain a 
start in engineering. Most df these men had had only a high 
school training carrying them through algebra and trigonometry 
and high school chemistry and physics. Lesser jobs in engineer¬ 
ing were to be had by these men if they could only secure a be¬ 
ginning education in engineering to fit them for the jobs. 

Since the aircraft work done in Buffalo is that of manufactur¬ 
ing the structural parts of an airplane, it was necessary that Cor¬ 
nell offer courses to this elementary group in the understanding 
of forces and of materials in general as well as in the understanding 
of particular forces and particular materials of which aircraft 
structures are made. 

Altogether four courses were taught these men, one a formal 
course in mechanics and strength of materials and three in ele¬ 
mentary aircraft structures. 'The first course in formal mechan¬ 
ics, lasting thirty weeks, was presented with as many aircraft 
applications as it was possible to give. For example, in discussing 
the mechanical properties of materials, aircraft materials such as 
aluminum alloys and chromemolybdenum steels were emphasized, 
and such materials as concrete and stone were only briefly touched 
upon. The concept of safety factor and of margin of safety from 
the aircraft viewpoint were given. Column formulas as given by 
the government aircraft specifications manual ANC--6 were in¬ 
cluded. Biveted joints were studied using the small size alumi¬ 
num alloy rivets ranging from a sixteenth of an inch to a quarter 
of an inch in diainetm*. Special emphasis was placed upon the 
fundamentals of longitudinal shear analysis which are so important 
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ill aircraft stress analysis. An outstandinfr difference from the 
usual collegriate courses in mechanics was the fact that the course 
was presented as a combined one covering: both mechanics and 
strength of materials as a mixture. For example, the simple 
stresses of tension, compression and shear were discussed at the 
outset togfether with the mechanical properties of materials. Next 
came a study of force systems and ecjuilibriuni. Tlien finally the 
theories of beams, columns and torsion were discussed. 

The course was entirely devoid of the ealeuUis so that g:eo- 
metrical and arithmetical proofs w'ere substituted wherever pos¬ 
sible. The beam stress formula, the torsional shear stress formula 
for circular sections and. the area-moment method for beam de¬ 
flections were derived in this manner. Tn two instances, how¬ 
ever, the calculus is indispensible. The derivation of the specific 
formulas for the moment of inertia of friven {reometrical cross 
sections was not ])ossible without the calculus althougrli it could 
be shown that />/r'*/12 held as the moment of inertia of a rectangu¬ 
lar cross section by dividing the rectangular into small parts and 
summing up the second moments of all of the parts. Also in the 
derivation of Euler’s long column formula the calculus was nec¬ 
essary, but since the students in tlie course were not prepared to 
digest such a derh'ation, the expressions for critical load of long 
columns were given point blank without derivation. 

With the ground work laid in mechanics and strength of ma¬ 
terials, the students w(*re now ready for courses in elementary air¬ 
craft stress analysis. But what were we to offer them about air¬ 
craft structures ? First, an introductory study had to be made of 
the loads which are peculiar to an aircraft. This meant that a 
study of aerodynamics was necessary since such loads were born 
of the dynamic qualities of the air. 

Second, it was necessary to differentiate between the two main 
types of aircraft structures—those whose members were made of 
trusses and those which were made of thin shelled beams techni¬ 
cally known as monoco<iue or stressed-skin structures. The first 
of these types is exemplified in early models of aircraft while the 
second of these is found in the newer all metal planes. Quite nat¬ 
urally, the .students were interested in the latest types since such 
planes were in their hands at all times. 

By coincidence the study of these two types of craft fall into 
the two divisions of structural mechanics. The trussed type em¬ 
ploys primarily the principles of mechanics and the beam type of 
craft utilizes the tools of elasticity or strength of materials. With 
these natural divisions as a guide, we began our elementary air¬ 
craft structures course with the first type bearing the thought in 
mind of following it with the monocoque type. However, the ac- 
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tiia] b<^iiining had to be made with a brief study of aerodynamics. 
But this study could not be of the formal kind since there was 
neither time nor necessity for studying it that way. Fortunately, 
the limited amount of aerodynamics that we were able to study 
yielded splendid problems in the use of mechanics. 

For example, the aircraft in its entirety could be studied as a 
free body in which the four principal forces could be represented 
as resultant forces of weight, lift, drag and thrust. These same 
resultants were then to be studied as distributed forces which 
necessitated enough aerodynamics to indicate how they were dis¬ 
tributed. Once this was accomplished it was possible to show in 
what manner the loads developed the stresses in the members of 
tJie four main parts of the aircraft structure, namely, the wing, the 
fuselage, the landing gear and the tail assembly. 

Problems were then presented with the purpose in mind of il¬ 
lustrating the general stress distribution in each of these parts of 
an airplane. For example, a problem was given in the stress 
analysis of a wooden spar wing of a seraieantileA'er monoplane in 
which the student was requir^cd to determine the bending and 
direct stresses in the spars; the direct stresses in the wing struts 
and in the drag struts and in the drag wires; and the shear stresses 
in the main connecting bolts. Another problem was that of de¬ 
termining the stresses in the members of a biplane truss; this was 
a particularly good problem since it embodied forces in space. 

A landing gear problem in which the members were made of 
tubular sections was included in the course as another application 
of mechanics. So was also the problem in the analysis of a fuse¬ 
lage truss subjected to six loading conditions in flight and on the 
ground; the problem was extended to include the design of the 
members as chromemolybdenum tubes in which they wqre selected 
from column curves peculiar to the aircraft industry. 

These problems were lengthy ones requiring as many as six 
and seven class periods i]i their execution. This provided an ex¬ 
cellent opportunity to teach the men orderly organization of their 
work in neat report form. Neatness, good sketches, tables and 
organization of computations were emphasized. Graphical solu¬ 
tions of trusses were employed wherever possible, a useful method 
because of the lack of symmetry in such structures. 

When it came time to study the second type of craft, it was 
found that the analysis of the all metal stressed-skin aircraft had 
to be taught differently *sinee so much of the basic theory of 
strength of materials had to be reviewed and supplemented with 
extended theories. For example, such flexural problems as un- 
symmetrical bending had to be impressed on the minds of the stu¬ 
dents. In turn, the fundamentals of principal axes had to be stud- 
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ied. The formulas of bending shear also had to he rigidly reviewed 
since they were so vital to the understanding of stress distribution 
in thin-walled beams. This same study led to the concept of 
shear center or center of twist. In turn this led to shear distri¬ 
bution in thin-walled members in torsion. Difficulties arose since 
the students had studied shear stresses in the twisting of circular 
bars only; new theories had to be divulged to show the shear dis¬ 
tribution in the twisting of open sections and of oddly shaped 
tubular sections. Unfortunately, the mathematics of the mem¬ 
brane analogy is difficult so that formulas were given point blank. 

Once the concepts of unsymmetrical bending, bending and tor¬ 
sional shear were reviewed, they could be applied to cellular wing 
and fuselage sections. However, the applications were to un¬ 
usually simple beam cross sections, and a warning had to be issued 
that the problems of everyday aircraft practice were ever so much 
more difficult. 

At the completion of this course in monoeoque structures it 
was decided that the courses in elementary aircraft structures 
should terminate because the problems about aircraft structures 
that could now be considered were no longer of an elementary 
nature. A further study of mathematics and a return to the 
fundamentals of advanced mechanics was necessary to continue. 

One great danger faced the instructing staff in handling this 
group of men; it was that a man might get the idea that he was a 
finished engineer once he had completed his first course in mechan¬ 
ics and strength of materials. To combat this idea the men had to 
be impressed constantly that they had started something that would 
take a life time of study to complete if at all and that the train¬ 
ing that we were offering them was the merest drop in the edu¬ 
cational bucket. Now that a year and a half have passed, it can 
be safely said that this danger has never manifested itself. The 
reason for this may be largely in the fact that the student was 
told that some of the proofs of fundamental theorems were to be 
reserved for the future at such time as he had equipped himself 
with the proper mathematics. In this way the student realized 
his limitations and consequently was not able to adopt the wise¬ 
acre attitude. 

It is interesting to note, however, that many of these ‘‘elemen¬ 
tary” students took enough interest in mathematics to enroll in 
regular tuition courses in analytical geometry and the calculus 
offered by the University of Buffalo, and as a result they will be 
allowed to enter our regular collegiate “intermediate” courses in 
str^ analysis. 

It is.^a]so notable that the aircraft companies ^ploying those 
men have made transfers, promotions and salary inSireasos as a 
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result of the training the men received from these elementary 
courses. A number of the men employed as detail draftsmen or 
liaisson draftsmen have been transfered to the stress group. Other 
individuals employed in the machine shop or assembly shop were 
asked to come into the engineering department to do liaisson draft¬ 
ing or to work with the production planning group. Some shop 
men were transferred to the mold loft or to better jobs in the shop. 
Many of them remained at their regular jobs receiving promotions 
and salary increases. 

In telling the story of our elementary courses in aircraft 
structures, it is meant here to indicate what can be done with the 
student whose mathematical training is limited to algebra and 
trigonometry. This student is capable of absorbing a large 
amount of practical applications which are not final in the aca¬ 
demic sense but which are useful in some place in industry. 
Courses to train such a student may be a channel through which 
the university can better meet its obligation to industry and 
country. 

In conclifsion it is suggested here that the trend in educational 
policy should be to establish o'fle set standard in the tone of its 
curriculum but to institute as well a graded set of levels of termi¬ 
nal training. Industry and country need men of varied, degrees 
of training ranging from the most elementary to the most advanced, 
and it is the obligation of the university to train as many of these 
as possible. This means that we cannot neglect classical engi¬ 
neering because it has a vital place to fulfill; the aircraft industry, 
for example, is solving many of its most important theoretical 
problems in this level of study. At the same time we cannot 
neglect the empirical engineering because of its important practical 
function. This means also that students must be carefully pre¬ 
selected for the level of study to which they are best suited, the 
best students to study classical engineering and the others to study 
less academic engineering. This means that no student should be 
rejected from a university because he fails to achieve a given 
level; he should be directed into a curriculum at his own level. 
This may mean that if the student cannot come to the university, 
it should go to him through extension mediums. 



THE EDUCATIONAL PROBLEM OF UNITS* 

By ROBKBT E. DOHERTY 
President, Cariiegic Institute of Technology 

My pJea is not for a particular system of units; rather it is for 
an adequate educational treatment of the subject of units. For 
as I understand it—or perhaps I should say, as I would have it—^the 
educational problem now before the Committee on Physics of this 
Society is primarily one of buildiiij? clear concepts and not merely 
one of memorizinfr names, numbers, and formulas, And I shall 
discuss tlie matter from this point of view. 

In the first place, I wish to consider with you the relative values 
to the student’s ultimate professional competence of tliese two dif¬ 
ferent educational policies. Tn the one case the theory is that the 
student’s intellectual efforts should be focused upon fundamental 
principles and the achievement of an elementary competence in 
their application to simple, physical situations; that the knowledge 
he is required to master be that, and only that, which is required 
for the clear understanding of those principles and for the achieve¬ 
ment of that elementary competence in their application; and that 
in determining the extent of ground to be thus covered, the test and 
the guide should be sound understanding of what has been covered. 
The theory in the other ease, at least a theory that fits the tradi¬ 
tional facts, is that the stiident’s work in physics should cover all 
grounds of fundamental knowledge that mir/ht relate to his subse¬ 
quent work in engineering courses, his reading of scientific litera¬ 
ture, and his later professional life. In the first theor.y, under¬ 
standing takes precedence over ground covered; in the second, 
ground to be covered takes precedence over understanding, 

Wliich of these theories, as applied to the problem of units, is 
likely to contribute more to the student’s ultimate competence? I 
can think of no other educational fropt where such devastating con¬ 
fusion exists; nor yet one where understanding is more essential. 
Perhaps I should use the past tense, for T have neither taught any 
classes nor directly administered the Avork of young engineers for 
six or eight years. But assuming that no educational revolution 
has occurred during that interim, I may be justified in stating that 

* Presented at the 50th annual meeting, 8. P. E. E. (Physics), New York 
City, June 27-29, 1942. 
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conclusion. For many years I was intimately associated in tech¬ 
nical work and education with larj?e numbers of engineering gradu¬ 
ates—^mostly electrical and mechanical—^from practically every 
engineering college in the country, and then for five years in addi¬ 
tion with undergraduates in the classroom. This experience led me 
to my conviction in this matter, and I have stated it for what it may 
be worth in answering which theory is better. If the second the¬ 
ory—^the cover-the-ground theorj'—represents the traditional pol¬ 
icy, as I assume it does since it represents the practice, then the 
facts of ray experience leave no doubt in ray mind that this policy 
has demonstrated its ineffectiveness. Moreover, if ultimate profes¬ 
sional competence rests upon clear understanding and clear think¬ 
ing, as I assume it does, then again it would seem even less neces¬ 
sary to adduce such facts as I have observed in order to indicate 
that the cover-the-ground theor3'' is ineffective. Procedures based 
on this theory, whether in phy'sics or any other subject, lead to an 
habitual state of mind which I have called “complacency in confu¬ 
sion.” By continued repetition of the process of covering assign¬ 
ments that are not understood, but are yet passed by the student 
so far as the instructor is concerned by temporarily memorizing 
words, formulas, and procedures, the student ultimately finds con¬ 
fusion to be a normal state of mind. I need not labor the point 
further. Clear understanding and an elementary competence in 
the application of the fundamental principles in units, as in anj'- 
thing else, is, I am sure you will agree, absolutely essential in the 
building of professional coinpetenee. And if so, it follows that that 
educational policy should be whole-heartedly pursued which will 
assure the achievement of such understanding and such competence. 

So I start from this premise and have a few specific observations 
to make. 

First, the severe limitations of time and the very nature of the 
learning process impose the following requirements: restriction of 
area to be covered, simplicity of approach, and the attaching of 
new growth of understanding to the roots of the student’s personal 
experience. 

These requirements indicate to me that the student in ele¬ 
mentary physics should be expected io study one system only. Did 
you ever stop to calculate the amount of time in the physics pro¬ 
gram that can be devoted to units ? If not, do so, and you will find 
a convincing reason for the one-system-only proposal; provided of 
course that you accept thd premise here adopted. For to achieve 
the objectives indicated—^understanding and elementary compe- 
tence-^there is more to do than learn names of units and some 
numbers that go with them; there are to be considered as well the 
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theory of units and dimensions, an understandable demonstration 
of their significance in the laboratory, and their elementary use 
throughout the course. It is probably too much to expect that 
sophomores will be equal to all of this in the time available, even 
for one system of units, let alone two, three, or four. But, it may 
be contended, he will think there is only one system, or that other 
sysiteras are not as good. The simple answer to this is that in the 
yn’oposed plan, he is to learn—he must learn—to use other systems 
and mixtures of systems in later courses and in practice. lie can 
and should be told that there are these numerous other systems and 
that he will later have to learn how to use many of them, and mix¬ 
tures of them, but that if he fully understands the theory of the 
one, he can easily understand the others; and he can be truthfully 
told too that if he does not understand the one, he won’t understand 
any of the others. So I urge the study of only one system in ele¬ 
mentary physics. 

If one S 3 '^stem were to be studied, what should that system be? 
I think this question is of much less importance than the ones al¬ 
ready discussed, but certainly wc have establislied fit least some 
criteria for the selection. It should combine simplicity together 
with the possibility of the student’s tapping to the greatest possible 
extent his directly perceived experience when trying to grasp the 
new concepts. Also it should encompass electrical quantities, since 
the student must study electricity in physics. His understanding 
is not facilitated by a system of units for which the examples are 
embellished unnecessarily by numerical factors such as 10“, nor by 
one in which the unit of mass bears the same name as the unit of 
force in another system the student has heard about, nor yet by one 
in which the unit of force requires the student to become either a 
fly or a derrick in order to experience it directly. If these consid¬ 
erations point to any particular system more than to others it would 
seem to be the MKS system, in which the magnitudes of the quanti¬ 
ties represented by these fundamental units are readily perceivable 
and conversion factors are reduced to a minimum. There may be 
some confusion between kilogram mass and kilogram weight, but at 
least the newton is not the magnitude of a force that equals the 
weight of any unit mass. And moreover the MKS system is beauti¬ 
fully adapted to electricity as studied in physics, or elsewhere; 
factors of 10“ are not required at the conclusion of a problem to 
convert the results to joules, watts, or amperes. 

Then there is one more observation I would make. Understand¬ 
ing of other systems and competence in their use should be devel¬ 
oped in later course^ as a continuation in the student*e mind from 
the concepts established in physics. This suggestiem h^ extremsl^ 
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important practical implications. It means a new plan of coordina¬ 
tion of work in physics with that in departments of mechanics and 
engineering, for I take it that we should not be far wrong to assume 
that effective plans to this end in engineering schools today are few 
and far between. Yet it always seemed incredible to me that the 
plan of progress in engineering studies is set according to the per¬ 
sonal notions and understanding of individual instructors instead 
of according to the understanding and continuous growth of under¬ 
standing of the student, for whom after all the entire plan is in¬ 
tended. The later courses in engineering and mechanics should 
start with the concepts established in physics—including those of 
units—^and help the student build as a continuous process upon 
those concepts; and it is important also to state the converse, 
namely, that discontinuities in intellectual growth should be 
avoided, and certainly also the confusion of terminology and ideas 
as between physics and later courses that today so greatly plague 
the student. For the result of this is negative; it has to be later 
undone, or else the student left in enduring confusion. 

I am inclined reluctantly to- make one provisional concession. 
I am quite aware of the argument that it is desirable to introduce 
at least two systems. Surely, as the argument runs, one should 
learn to deal with units related to the metric system, since they 
extend to the field of electricity, and yet it is not less important to 
learn the English practical system as well, both because the student 
is familiar with the terms and he will use them in mechanics. But 
the difficulty is that he would have to learn two systems instead of 
one in the limited time, and the advantage of starting with familiar 
terms— e.g., pounds, feet—is partially offset by the inherent con¬ 
fusion as between pound mass and pound weight. But I grant 
that unless the course in mechanics starts at the point where physics 
leaves off in the matter of units as well as in other concepts, con¬ 
tinuity is broken. Hence, if it is a practical fact that mechanics 
teachers have not yet reached a point where, they feel prepared to 
help the student build his understanding continuously, starting 
from units based on the metric system and leading into the English 
system, and if there are equally compelling practical reasons, as 1 
know there are, why physics teachers would not accept the English 
engineering system as the only system to b.e studied, then I would 
grudgingly concede the point provisionally and hope for a better 
day in the future. For q- reduction of the number of systems to 
two in the near future would be a real step in the indicated 
direction. , 

Thus my plea is that it be the busihess of physics in connection 
with units* as with its other matters, to establish clear concepts and 
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an elementary competence in their use; that understanding take 
precedence over ground to be covered; that wherever it may be at 
present practically feasible, only one system of units be covered in 
physics, slight preference being for the MKS system, and tfiat the 
principle of continuous growth in understanding be adopted re¬ 
quiring that progress in subsequent courses in mechanics and engi¬ 
neering stem continuously from tlie basic trunk established in 
physics. 


COLLEGE NOTES 

The fifth regional center of the Human Engineering Labora¬ 
tory, offering non-profit services to residents of Ohio, Western 
J’ennsylvania, lower Michigan, Indiana and states to the south, 
lias been established at CASE SCHOOL OP APPLIED SCIENCE. 
The Human Engineering Laboratory is a clinical organization for 
the measurement of individual aptitudes and for career guidance 
on the professional and executive leA’el. Pounded by Dr. Johnson 
O'Connor, at Stevens Institute of Technology in 1^22, the first 
center attained immediate success, resulting in the establishment 
of a second center at the Massachusetts Institute of Technology in 
Boston, a third at the Illinois Institute of Technology in Chicago, 
and a fourth at Chestnut Hill Academy near Philadelphia. 

The Laboratory offers testing service to all persons nine years 
of age or older. Tests cover personality traits, structural visualiza¬ 
tion, accounting aptitude, tonal memory, creative imagination, 
English vocabulary, inductive reasoning and other critical factors 
in choosing scientific, professional and executive careers. 



RECOMMENDATIONS TO THE WAR MANPOWER 

COMMISSION * 


January 6, li)43 

Tt is the opinioji of the Consultative Committee on Bufrineerinjr 
that the action ainiouncefl by the War Manpower (^unmission on 
December 18, 1942, with respect to the deferment of eiifiiueerhifr 
students, althoup:}i solving: certain important parts of the jreneral 
problem of professional engfineeringr manpower, falls short of what 
the immediate situation demands, and it is urfied tliat the a<*tion 
be promptly reconsidered. 

The action defers only such students as have successfully eom- 
])leled one year of collepfc work. This Committee is convinced that, 
until reliable facts, now mis.sing, are available and a rational plan 
based thereon is formidated by the War Manpower Commission 
for assuring *the mijnmum supply of engineering personnel at x)ro- 
fessional level that is essential' to national safety, the freshmen 
also should be deferred. 

There are no obscure assumptions involved in this view. In 
such an important matter as maintaining technical sui)eriority in 
the war, decisions and plans should be based on facts—not on of- 
ti(*ial guesses, especially vrheu this is unnecessary'. The essential 
facts, not yet available as to actual needs of professional engineer¬ 
ing jjersonnel by industry in the tremendous war production pro¬ 
gram ahead, can be made available in a reasonable time, if the 
(‘ommittee’s recommendation of December 8, 1942, is followx*d. 
Meantime the basic elements of the educational machinery that may 
he—and probably will be—found necessary in the face of facts, 
should not be demolished. It will take too long to rebuild it, if it 
is found to be necessary. If the teaching staff for freshmen is dis¬ 
persed and the flow of students for industry is cut off, and then 
later both are found by the x)roposed survey to be required, an 
extra and unnecessary burden of delay and confusion will be im¬ 
posed on the war effort. 

(Presumably the armed forces have as much at stake as industry 
in an adequate supply of men well grounded and fully trained in 
fundamentals of science and engineering. The announced cur¬ 
ricula of the Navy CollegeJPlan would seem to recognize this point. 

* Becommendations to Dr. Edward C. Elliott, Division of Professional and 
Technical Training, War Manpower Conunission, by the Consultative Commit¬ 
tee on Engineering of the Division. 
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The curricula of the Army Specialist Trainin'? Corps are not yet 
announced. But these programs, we must assume, will assure a 
flow of students adequate in number and appropriately trained for 
each of the several branches of the armed services.) , 

There may be good reasons, unknown to the Committee, why 
the W.M.C. did not accept its recommendation of this temporary 
expedient, but uutil the engineering profession, as represented in 
the Committee, understands such reasons it must press for recog¬ 
nition of its view. As a profession, engineers responsible for in¬ 
dustrial production and technical superiority' profess and claim 
responsibility in these matters, and claim as well a voice in plans 
in which they are expected to meet that responsibility. 

The Committee does not accept as a valid reason for rejection of 
this plan of a temporary expedient the fact that a fraction of the 
freshman class in engineering (those not in the Enlisted Reserves) 
Avould be withheld from military training for three months or so. 
This number alongside the totals involved in this age group would 
seem insignificant, especially when it may be found that the frac¬ 
tion referred to is needed more for the war effort in industry than 
in the armed forces. Whether this is so or not can be determined 
by an intelligent survey in a reasonable time; it cannot be guessed. 

The Committee therefore urges again that all engineering stu- 
defits subject to Selective Service and who are in good scholastic 
statiding be deferred until the survey of facts is completed and a 
rational plan based thereon for training and distribution of pro¬ 
fessional engineering manpower is formulated by the War Man¬ 
power Commission. 


R. B. Doherty, Chairman 





TAKE TOUR CHOICE 

E HE U.S. Army Air Force can test 
airplane engines at altitudes ■’■of 
X) feet, where it’s 67 below, or at 
low altitudes over deserts where the 
temperature soars to 120 F- without 
{taking the ships from the ground. 

Testing is done in a laboratory where 
refrigeration equipment, electric heaters, 
and air evacuating equipment take over 
for the elements. 

One such lab, for which G.E. is build¬ 
ing electrical equipment, will house 
several rest chambers, in each of which 
engines will be tested under different 
conditions. 

To accomplish this, air will be partly 
onditioned and then delivered to various 

I fest chambers. At each test chamber the 
iiir will be further conditioned to obtain 
exact humidity, temperature, and 
pressure for the particular condition 
Icsited. Then the alt will he delivered 
the engine cathutetors. 


PIPE DREAM 

HE War Emergency Pipeline, largest 
oil trunk of its kind in the world, 
will go into operation in January. 
Extending 531 miles from Longview, 
Texas to Norris City, Illinois, the “Big- 
Inch” pipeline (so called because it is 24 
inches in diameter) will help alleviate 
the oil shortage in the East. 

G.E. recently shipped, five weeks 
ahead of schedule, the first two of 
fifteen 1500-hp motors it is building for 
the line. 

Built of cast iron to conserve steel 
plate, the motors will be used to drive 
centrifugal pumps in booster stations 
along the line. These pumps will keep 



1,330,000 barrels of oil flowing at a rate 
of 4 miles per hour—a delivery rate of 
300,000 barrels a day at Norris City. 

By June it is expected that the remain¬ 
ing section of the line, 857 miles longi 
will connect Norris City and the Atlantic 
scahoatd. 
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ENGINEERING DRAWING 

By L«on Marr Sahag 

Professor of Machine Design and Drawing 
Alabama Polytechnic Institute 

provide file student with maximum tralulnj; In minimum time, to ac- 
qiiaint him thoroughly with current standards and Industrial procedure, to 
avoid uonessentlal elementary explanations and to clarify by the abundant 
use of illustrations and diagrams, are some of the significant alms achieved 
in this new book. Its ideas, methods, and materials have been tested and 
refined through classroom procedure. Ifiindamcntala are so taught that the 
student soon assumes a professional attitude toward his work. The author’s 
industrial experience has made it possible for him to organize his material, 
in both preselltnlion and the preparation of drawings, so that industrial proce¬ 
dure is followed. In technique, all finished drawings conform with rules ap¬ 
proved by the A. S. A. 

The hook Is in four parts of which the first and seconil form a basic course; 
the third contains advanced work; the fourth consists of drawing room prob¬ 
lems, 180 assignments, 3(10 figures. Its conciseness makes it well adapted for 
the current nccelc*rated programs 400 pages, 437 illustrations, price $2.75 

AIRCRAFT ELECTRICITY 

Hy Norman J. Clark, Electrical Jiiigineer, LieuU'nftnl (jg), U.S.N.R. 

Howard E. CorbiH, Electrical Engineer, IjoclUieed Overseas Corporation 

new, revised, enlarged edition of this valuable book is now ready. Writ¬ 
ten originally to cuter to a field in which no text was available, it presents 
for the first time fhc sub.icct of aircraft electricity in organized instructional 
form for group training or individual study and reference. Special emphasis 
is placed on simplicity of design and interchangeability of design of parts 
for convenient rcplacemenf. While preparing tlie book, both authors were 
employed b.v fhc liockhecd Corporation. In its revision they have received 
cooperation and data from a group of other manufacturers of aircraft and 
accessories. While adapting it for use by all interested in the subject, they 
planned it hpeclfically for the. electrician, the dosiguer, the electrical parts 
inanufactun'r, ami for tliosi' ])re[tariiig to work in aircraft electricity. 

3!)0 imgRS, price $3.50 
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Weather study Melhanicai. physics 

By David Brunt, $2.25 By Herbert Dingle, $2.25 

THE RONALD PRESS COMPANY 

15 East 26th Street New York, N. Y* 

^ 






Photo courteny of the Crown Cork A Seal Company 


The best news about tin since we went to war 


W HEN THE JAPS Overran Ma¬ 
laya and the East Indies, 
they thought they had dealt a stag¬ 
gering blow to America. 

For, overnight, tin became a most 
critical raw material, because Amer¬ 
ica relies upon this bright metal for 
tin plate, bearing alloys, solder, 
collapsible tubes ... but mostly 
tin plate. 

However, Uncle Sam had an ace in 

the hole... electrolytic tin plate. 
In this process tin is deposited elec- 
trolytically on steel strip. And only 
one third the tin used in the old 
hot-dipped process is required. 

Unfortunately, electrolytic tin 
plate is far from perfect as it comes 
from the plating baths. It is porous 
and does not provide a good pro¬ 
tective coating. 

Right here Westinghouae step¬ 
ped into the picture. 

Engineers in the Westinghouse 


Research Laboratories decided that 
the porous tin coating could be 
fused . . . through the magic of 
electronics ... to give the tin plate 
the desired protecting coating. 

These scientists built a high-fre¬ 
quency coil, using radio broadcast¬ 
ing oscillator tubes for their power 
source. Through this coil they passed 
electrolytic tin plate. The inductive 
heating effect melted the tin coating 
... refining it and giving it the nec¬ 
essary corrosion-resistant properties. 

The new Westinghouse tin flow¬ 
ing process is now in actual use, 
turning out gleaming ribbons of tin 
plate at better than 500 feet per 
minute. It will help save thousands 
of tons of tin every year. 

Another example of electronics 
at work ... through Westinghouse 
“knowhow”! 

Westinghouse Electric & Manu¬ 
facturing Company, Pittsburgh, Pa. 


^^stinghouse ® 
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To be signed by two sponsors and returned to F. L. Bishop, Secretary, S. P. E. E., ^ 
TTniversitv of Pittsburgh. Pittsburgh, Pa. 












NEW WILEY BOOKS 

Ready in February 

Differential Equations 

By U. W. REDDICK. 

textbook covering methods of solving ordinary differential equations, and problems in 
applied rnatheniatics involving ordinary differential equations. Partial differential equa¬ 
tions are not discussed. Approximately 23a pages; $1 by 8}; Probable price, 82.38 

(veneral Metallography 

My il. H. DOWDELL, A. C. FORSYTH, 11. B. JERAMEK, and C. If. GREEN. 

.Vn introductory work covering principles of both ferrous and non-ferrous iiietallography, 
for courses in general metallogratihy or physical metallurgy. 

Approximately 300 pages; 6 by 9; Probable price, 83.50 

Magnetic Circuits and Transformers 

By the ELECTRICAL ENGINEERING STAFF, MasmchusHU Imtitute of Tech¬ 
nology. 

Basic technological principles of magnetic circuits and transfiii nicrs, for all students of 
electrical engineering, regardless of their ultimate .specialty. 

Approximately 757 pages: 6 by 8; Probable price, 86.50 

Applied Electronics 

By the ELECTRICAL ENGINEERING STAFF, MaHmchusetle Inslilute of Tech¬ 
nology. 

Electron theony and its applications, including electron ballistios, emiasion from metals, 
conduction, the various types of tubes, amplifiers, etc. 

Approximatefy 773 pages; 6 by 9; Probable price, 86.50 

Analytic Geometry 

By K. S. SMITH, MEYER SALKOVER, and H. K. JUSTICE. 

Designed to give the student accurate and fully illustrati'il explanations of the topics coni- 
moniy taught in analytic geometry and to prepare him for further studies in mathematics, 
science, or engineering. Approximately 337 pagea; 6 by 0; Probable priee, 83.50 

Photogram metry 

By 11. OAKLEY SHARP. 

Presents the fundamental principles of both terre-sti ial and aerial photographic surveying, 
together with their application to map making. 

Third Iklltlon: 128 pages; Sj by 11; 83.50 

Economy Loading of Power Plants and Electric Systems 

By M. J. STEINBERG and T. II. SMITH. 

•An explanation of the fundamental theory of incremental rate and its apiilicalion in the 
solution of load-division ptobloms encountered in the production and transiniasion of 
electric energy. ^ pages; 6 by 0; 83.50 

Plumbing Practice and Design, Volume I 

By SVEND PLUM. 

Covers corrosion, materials, pipes and fittings, valves and controls, fixtures and accessories, 
pumps, fire protection, air piping and equipment. 3 Qg pggeg; g |)y f* 84.50 

Industrial Radiology 

By ANCBL ST. JOHN and HERBERT R. I8ENBURGER. 

An up-to-date account of the nature and properties of X-rays, their production, detection 
and how to record them, installation of equipment for industrial radiography, and the 
technique of conducting and interpreting radiographic examinatioiis. 

Second Edition: Approx. 226 pages; 8 by 9; Probable price, 83.58 


Foremanship and Safety 

By C. M. MacMillan. 


Designed to train safety engineers, industrial supervisors and foremen in the rules of safety, 


and to show them how to train the men who work under them. 


110 pages: 5} by 7S; 81.00 


JOHN WILEY & SONS, INC, 440.4TH AVE,, N. Y. 





qAnnouncing 

an outstanding textbook series for flight 

preparatory training courses * 

FLIGHT PREPARATION 
TRAINING SERIES 

Published under the Supervision of the Training Division, 
Bureau of Aeronautics, U. S. Navy 

H ere is a distinctive series of twelve short texts which has been prepared to 
meet the special needs of intensified training courses for pilots in war time. 
Under war conditions the need for a thorougfi understeuiding of basic science and 
navigation by pilots has become acute, while the time availaGle for study has 
been reduced to a minimum. These texts, therefore, embody enough theqry and 
background to provide the student with an intelligent understanding of science 
and navigational principle.s, but omit all dupli(;ating and non-essential matter. 

f 

The tucelve books range front 100 to 300 pages each. There are Jive basic, 
pocket-size texts, entitled: 

MATHEMATICS FOR PILOTS 

PHYSICS MANUAL FOR PILOTS 
PRINCIPLES OF FLYING 

OPERATION OF AIRCRAFT ENGINES 
AEROLOGY FOR PILOTS 

and seven volumes in larger format on AIR NAVIGATION, including: 

PART I. INTRODUCTION TO EARTH 
PART II. INTRODUCTION TO NAVIGATION 
PART III. DEAD RECKONING AND LINES OF 
POSITION 

PART IV. NAVIGATION INSTRUMENTS 
PART V. RELATIVE MOVEMENT 
PART VI. CONTACT FLYING 
PART VII. NAUTICAL ASTRONOMY AND 
CELESTIAL NAVIGATION 

In the U. S. Navy’s Aviation Training Program this Scries of books constitutes 
the intensified, three-month flight preparatory Ground School course. As such, 
the Series as a whole represents what is probably the first carefully planned and 
thoroughly integrated set of texts that has been available for the complete pre¬ 
flight course based on Service standards. At the same time, the Series should be 
Ideal for a full year high school course at the eleventh or twelfth grade level, or 
for more intensified courses at the intermediate or college level. 

Write for further information 


McGraw-Hill Book Company, Inc. 

3S0 West 42nd Street New York, N. Y. 




Q4n Important Ne^ Textbook 
For War Production Training Courses 



TOOL 

DESIGN 

By CYRIL DONALDSON 
and George LeCain 


In a field which is of vital importance in the war 
production program, this pioneer volume is an out¬ 
standing contribution. 

1. It is tlio first text on the subject of tool and die 
design written with wartime conditions in mind. 

2. It is the fir.st text in this field to be developed 
out of long experience in the teaching of tool 
design as well as in the manufacturing industries. 

3. It is the only text equipped with student assign¬ 
ments similar to those given beginners in a tool 
design department—questions, numerical prob¬ 
lems, sketches, and practical design jobs. 

4. It is profusely illustrated; there arc 536 line 
cuts and halftones. 

TOOL DESIGN is a complete and practical text 
for^ESMWT courses, for technical schools, and 
for training courses in war industries. 

456 pages Price $3.75 

•k 

HARPER & BROTHERS, PUBLISHERS 
49 East 33d Street New York City 



IMPORTANT McORAW-HILL BOOKS 


Di«s«l- and Gat-angina Powar 
Plants 

By GLENN C. Boyer, Consulting 
Engineer. In press—ready in Feb¬ 
ruary 

Matallurgical Problems. 

New second edition 

By Allison Butts, Lehigh Univer¬ 
sity. In press—ready in February 

Timastudy for Cost Control. 

New second edition 

By Phil Carroll, Jr., Manage¬ 
ment Consultant. 305 pages, $3.00 

Introduction to Architectural 
Drawing. New second edition 

By Wooster B. Field, Ohio State 
University. 241 pages, $3.00 

Mechanics of Materials. New 

second edition 

By the late S. G. George and E. W. 
Rettger. Revised by E. V. How¬ 
ell, Cornell University. 491 pages, 
$3.75 

English for Engineers. New 

second edition 

By the late Sada Harbarger; 
Anne B. Whitmer and Robert 
Price, Ohio State University. In 
press—ready in February 

Machine Design. New third 
edition 

By P. H. Hyland and J. B. Kom- 
mers. University of Wisconsin. 548 
pages, $4.50 


The Principles of Metallographic 
Laboratory Practice. New 

second edition 

By George L. Kehl, Columbia 
University. Metallurgy and Metal¬ 
lurgical Engineering Series. 453 
pages, $4.00 

Marine Engineering 

By J. M. Labberton, New York Uni¬ 
versity. In press—^ready in March 

Radio Navigation for Pilots 

By Colin H. McIntosh, American 
Airlines, Inc. 171 ^lages, $1.75 

Empirical Equations and 
Nomography 

By Dale S. Davis, formerly of 
Wayne University. 203 pages, $2.50 

Blueprint Reading for the 
Shipbuilding Trades 

By A. E. NiederHOFF, U. S. Army 
Engineers. In press 

Map Interpretation with Military 
Applications 

By William C. Putnam, University 
of California at Los Angeles. In 
press—^ready in February 

Quiz Questions to Accompany 
French's Errgineering Dra'wing 
By John M. Russ, State University 
of Iowa. 42 pages, 25 (f 

Elementary Electricity. New 

second edition 

By Edgar P. Slack, Polytechnic 
Institute of Brooklyn. In press— 
ready in February 

Air Navigation. New third 
edition 

By P. V. H. Weems, Lt. Comdr., U. 
S. Navy (Retired). 406 pages, $3.50 


Send for copies on approval 

McGRAW-HILL BOOK COMPANY, Inc. 

330 West 42nd Street New Tork, N. Y. 
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KNOINEERING ENBOIjLMENTS, 1942-1943 
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ENGINEERING COLLEGE RESEARCH ASSOCIATION 

On October 26, 1942, representatives of seventy-three engineer¬ 
ing colleges from all parts of the nation met at Thorne Hall, North¬ 
western University, and under the chairmanship of Dean C. E. 
MacQnigg of Ohio State University organized the Engineering 
College Research Association. The immediate and urgent objective 
was to cooperate with the war production agencies of the Govern- 
n»ent in the prosecution and promotion of research needed for the 
management of the war. More specifically the purposes of the 
Association as expressed in the adopted constitution are: 

a. To cooperate with the War Agencies of the (lovermnent in the 
l)roseeution and promotion of research needed for the war effort, and 
to assist in oiganizing tlie researeli facilities of engineering colleges to 
this end.^ 

b. To assist in organizing the research facilities of the engineering 
cfdleges in the undertaking of re.scarch designed to promote post-war 
reconstruction and economic adjustment through new and improved 
processes affecting industry, public works, the conservation and de¬ 
velopment of natural resources, the public health, and similar activities. 
r.. To serve as a com inning agency for developing and coordinating 
industrial and scientific research and for furthering advanced study 
in the colleges of engineering of the Ibiitcd States. 

d. To collaborate with other associations and with government agen¬ 
cies concerned with I'escai’ch in the interest of the maximum utiliza¬ 
tion and developmenf (*f tlie engineering and scientific research fa¬ 
cilities of the nation, to achieve coiirdination and prevent duplication 
of effoii. 

Coiirdiuately with the defined objectives of its constitution, the 
Association seeks to encourage engineering colleges to set up re¬ 
search division.s with the highest criteria of effectiveness, of material 
assistance and of distinctive creativeness. Membership restrictions 
of the Engineering College Research Association were defined as 
follows; 

a. Active Membership shall be confined to institutions of higher edu¬ 
cation granting degrees in engineering which normally require four 
or more academic years of study and which have one or more engineer¬ 
ing curricula accredited by Engineers' Council for Professional De¬ 
velopment, provided that its research organization or activity shall 
have existed for at least three (3) yeara and shall have expended for 
engineering research during the three fiscal years next preceding the 
date of its admission to the Association not less than ten thousand 
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BNGINJSEBINO COLLEGE RESEARCH ASSOCIATION 


dollars ($10,000). The term “research” as used herein means original 
investigations including the discovery of new processes, devices, or ma¬ 
terials and does not include routine testing. Membership may prefer¬ 
ably be taken out by the institution in the name of its Enginee^ng 
Experiment Station, Engineering Research Institute or Divisions, or 
Engineering College or Department. 

6. A member institution must maintain a high record of performance 
in engineering research to remain in good standing as an Active 
Member. 

c. Associate Membership shall be confined to libraries, associations, 
companies, or individuals having an interest in engineering research 
such as to warrant in the opinion of the Council of the Association, 
affiliation with the Association. Associate Members shall have no vote, 
but may otherwise participate in all of the activities of the Association. 

Under the constitution, the Association is authorized to accept 
gifts provided that such gifts are for the furtherance, of the pur¬ 
poses of the Association. It was pointed out that through the co¬ 
operation of such a large number of leading engineering schools 
expensive and wasteful duplication of effort will be avoided and a 
maximum utilization of facilities and personnel and a high degree 
of coordination will result. 

The officers elected at the organization meeting were Dean W. 
R. Woolrich of The University of Texas, President; Dean Earle B. 
Norris of Virginia Polytechnic Institute, First Vice-President; 
President C. C. Williams of Lehigh University, Second Vice-Presi¬ 
dent; Dean R. L. Spencer of the University of Delaware, Treasurer. 
Directors who will serve on the Council one year are Dean Ivan C. 
Crawford of the University of Michigan and Dean Thorndike Sa- 
ville of New York University. Those who will serve two years are 
Dean Samuel B. Morris of Stanford University and Dean F. M. 
Dawson of The University of Iowa. Directors elected for three 
years are Dean N. A. Christensen of Colorado State College and 
Dean G. M. Butler of the University of Arizona. The method of 
election and terms of officers are given in the constitution as fol¬ 
lows: 

“The President and Treasurer shall each serve for a term of two 
years. Each Vice-President shall serve for a term of two years ex¬ 
cept that at the first election a Vice-President shall be chosen for a 
terra of one year and a Vice-President shall be chosen for a term of 
two years. Thereafter, one Vice-President shall be elected annually. 
“Directors shall serve for terms of three years, except that at the or¬ 
ganization meeting two directors shall be elected for one-year terms, 
two for two-year terms, and two for three-year terms. Thereafter, 
two Directors .shall be elected annually, to serve for full terms of three 
years.” 
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The initial meeting of the Council was held in Washington on 
November 27,1942. Supplementary sessions were held on the same 
day with President Harvey N. Davis, Director of the OfiQce of Pro¬ 
duction Research and Development, and with Senator Kilgore’s 
Subcommittee on Manpower relative to the proposed Office of Tech¬ 
nological Mobilization. 

The Council is preparing a preliminary report on the engineer¬ 
ing research now in progress for the Office of Production Research 
and Development and to servo as a basis for better coordination of 
kindred interests. 

Frequent reports are io be forthcoming from the Council and a 
stepped-up program of engineering research encouraged throughout 
the nation. Further meetings are scheduled by the Council at 
Washington in January and at the Annual Meeting of the Society 
for the Promotion of Engineering Education in Chicago. 



ORGANIZATION OF THE SOCIETY 

The Society for the Promotion of Engineering Education was 
the outgrowth of the meetings of Division E of the World's Engi¬ 
neering Congress held in Chicago from July 21 to August 15, 1893, 
in connection with the World’s Columbian Exposition. 

The aim of the Society is the promotion of the highest ideals in 
the conduct of engineering education with respect to administra¬ 
tion, curriculum, and teaching work, and the maintenance of a high 
professional standard among its members. 

The means to this end include educational research, the holding 
of meetings for the reading and the discussion of professional pa¬ 
pers, and the publication of papers, discussions, and communica¬ 
tions as may seem expedient. 


Each Society member shouid scrutinize carefully the membership list for 
his institution, as published in this year book, and interest his colleagues, who 
are not members, in Society membership. 
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OFFICERS, COUNCIL MEMBERS, AND COMMITTEES 
OF THE SOCIETY FOR 1942-43 


COUNCIL 
OFFICERS 1942-43 
President 

H. T. IlKAi.n, Iirmols IiiRtifiitc of Tot-lmology, Chicago, 111. 

First Vice President 

O. K. MapQittog, Thr* Ohio State Tlnivorsity, Columbus, Ohio, 

Second Vice President 

H. M. Worms, TJiiivorsity of Califofuia, Berkeley, ('alif. 

' Secretary 

F. L, Bishop, University of Pittsburgh, Pittsburgh, Pa. 

Treasurer 

•I. S. Thompson, Me-Oraw-Hill Kook Co., New York City. 
Assistant Secretary 

NkI/H McKenry, University of Pittsburgh, Pittsburgh, Pa. 

COUNCIL 

I. Elective Members 

Terms Expire in 1943 

W. Otto Birk, Univ, of Colo., Boulrlor, Colo. 

A. E. CuLi^iMORE, Newark College of Eng., Newark, N. J. 

H. A. Curtis, Univ. of Mo., Colombia, Mo. 

H. E. Deoler, Univ, of Texas, Austin, Texas. 

Cari, S. Ei. 1,, Nortlicastern Univ., Boston, Mass. 

D. P. Savant, Ga. School of Teeh., Atlanta, Ga. 

Geo. T. Seabury, 33 W. 39th St., New York City. 

Terms Expire in 1944 

J. H. Bki.knap, Munitions Bldg., Washington, D. C. 

A. C. CALiiEN, Lehigh University, Bethlehem, Pa. 

P. M. Dawson, University of Iowa, Iowa City, Iowa. 

N. W. Dougherty, University of Tennessee, Knoxville, Tenn. 

Seibert Fairman, Purdue University, Lafayette, Ind. 

C. J. Freund, University of Detroit, Detroit, Mich. 

R. P. Hoet.sher, University of Illinois, Urbana, Ill. 
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DIVISIONK OF THE SO('IBTY 


Terms Expire in W4S 

H. L. Dodge, University of Oklahoma, Norman, Okla. 

J. C. Elgin, Princeton University, Princeton, N. J. 

L. J. Fletcher, Caterpillar Tractor Co., Peoria, Ill. 

C. E. Lawall, West Virginia University, Morgantown, W. Va. 

B. L. Spencer, University of Delaware, Newark, Del. 

C. E. Tucker, Massachusetts Institute of Technology, Cambridge, Mass. 
Joseph Weil, University of Florida, Gainesville, Fla. 

n. Past Presidents—^Members Ez-Offldo 

C. Frank Allen, 88 Montview St., West Eoxbury, Mass. 

D. C. Jackson, 5 Mercer Circle, Cambridge, Mass. 

F. E. Turneaure, 166 No. Prospect Ave., Madison, Wis. 

Anson Marston, Iowa State College, Ames, Iowa. 

Henry S. Jacoby, 3000 Tilden St., N.W., Washington, D. C. 

Arthur M. Greene, Jr., Princeton University, Princeton, N. J, 
Mortimer E. Cooley, Ann Arbor, Mich. 

Chas. F. Scott, Yale University, New Haven, Conn. 

A. A. Potter, Purdue University, Lafayette, Ind. 

O. B. Pegram, Columbia Unversity, New York City. 

O. M. Leland, University of Minnesota, Minneapolis, Minn. 

R. L. Sackett, Hotel Sheraton, New York City. 

D. S. Kimball, Cornell University, Ithaca, N. Y. 

H. S. Boardman, 172 Main St., Orono, Me. 

H. S. Evans, University of Colorado, Boulder, Colo. 

B. A. Seaton, Kansas State College, Manhattan, Kans. 

W. E. WiCKENDEN, Case School of Applied Science, Cleveland, Ohio. 

C. C. Williams, Lehigh Universty, Bethlehem, Pa. 

D. S. Anderson, Mandeville, La. 

H. P. Hammond, Pennsylvania State College, State College, Pa. 

S. B. Earle, Clemson Agricultural College, Clemson College, S. C. 

K. T. Compton, Mass. Inst. Tech., Cambridge, Mass. 

O. J. Ferguson, University of Nebraska, Lincoln, Nob. 

D. B. Prentice, Rose Polytechnic Institute, Terre Haute, Ind. 

A. H. White, University of Michigan, Ann Arbor, Mich. 


DIVISIONS OF THE SOCIETY 

Administrative 

B. E, Doherty, Chairman, Carnegie Institute of Technology, Pittsburgh, Pa. 
N, W. Dougherty, C. J. Freund, E. L. Moreland, D. B. Prentice, H. S. 
Rogers, H. T. Heald, F. L. Bishop. 


Chemical Engineering 

B. A. Morgen, Acting Chairman, University of Florida 
J. C. Elgin, Chairman, Princeton University (in service) 

J. C. Whitewell, Past Chairman, Princeton University 

C. O. Miller, Vice Chairman, Case School of Applied Science 

E. M. ScHOENBORN, Sccretary-Treosurer, University of Delaware 
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Civil Engineering 

L. S. Lb Tellibb, Chairman, The Citadel 

J. S. Dodds, Past Chairman, Iowa State College 

H. E. Davis, Secretary, University of California 

D. S. Tbowbbidge (1945), Editor, New York University 

C. A. Mockmore (1944), Director, Oregon State College 

H. E. PuLVER (1943), Director, University of Wisconsin 


Cooperative Engineering Education 

ii. L. Lanoenheim, Chairman, University of Tulsa 
W. E. Niohtinqale, Secretary, Northeastern University 


Electrical Engineering 

M. S. CoovER, Chairman, Iowa State College 
MoBiiAND King, Vice Chairman, Lafayette College 
A. D. Moore, Secretary, University of Michigan 


Engineering Drawing 

• 

W. E. Fabnham, Chairman, Tufts Colleg« 

E. P. Tozeb, Secretary, Northeastern University 

E. W. French, University of Minnesota 

F. H. Heacock, Princeton University 

G. M. Phelps, Rensselaer Polytechnic Institute 
N. D. Thomas, Ohio University 

E. C. Willey, Oregon State College 

R. R. WoRSENCBOPT, Editor, Journal of Engineering Drawing 
J. N. Arnold, Advertising Manager 

F. A. Smutz, Circulating Manager 
W. E. Street, Editor, T-Square Page 


English 

J. L. Vaughan, Chairman, University of Virginia 
Homer Nugent, Secretary, Rensselaer Poly. Inst. 


Industrial Engineering 

C. W. Beese, Chairman, Purdue University 

D. B. Porter, Vice Chairman, New York University 

C. A. Koepee, Secretary-Treasurer, University of Minnesota 

G. W. Barnwell, Editor, Stevens Institute of Technology 

H. Q. Thuesen, Past Chairman, Oklahoma A. & M. College 


Mathematics 

L. R. Ford, Chairman, Illinois Institute of Technology 
J. W. Cell, Secretary, North Carolina State College 
L. L. Smail, Lehigh Ilniversity 
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DIVISIONS OF THE SOCIETY 


Mechanical Engineering 

Executive Committee: 

H. O. Croft, Chairman, University of Iowa 

B. H. Jennings, Secretary, Northwestein University # 

C. Carmichael, Editor, 2317 So. Overbrook Bd., Cleveland Heights, Ohio 

D. W. Wilson, University of Wisconsin 
N. C. Ebauqh, University of Florida 

P. E. Kyle, ^Massachusetts Institute of Technology 

C. F. Garland, University of California 

Heat Power Committee: 

D. W. Nelson, Chairman, University of Wisconsin 
L. M. K. Borlter, Secretary, University of California 
F. L. Swartz, University of Michigan 

Mechanical Laboratory Committee: 

N. C. Ebauqh, Chairman, University of Florida 
X. P. Bailey, Secretary, llutgers University 

F. C. Stewart, Pennsylvania State College 

Manufacturing Provensen Committee: 

P. E. Kyle, Chairman, Massachusetts Institute of Technology 

G. B. Carson, Secretary, Case* School of Applied Science ' 

. . Crosby, Cornell University 

Machine Design Committee: 

C. F. Garland, Chairman, University of California 

D. G. Hyan, Secretary, University of Illinois 


Mechanics 

A. S. Adams, Acting Chairman, Room 3067, Bureau of Xavy Personnel, Wash¬ 
ington, D. C. 

E. B. Dawley, Chairman, Kansas State College 
P. G. Laueson (1943), Yale University 

J. G. McGivern (1943), Gouzaga University 

G. P. Boomsliter (1944), West Virginia University 

•I, O. Drafpin (1945), University of Illinois 

F, L. Everett (1945), University of Michigan 
Seibert Fairman (1946), Purdue University 
M. 0. WitheY (1946), University of Wisconsin 

Mineral Technology 

J. R, Van Pelt, Chairman, 5740 Kimbark Ave., Chicago, Ill. 

Technical Institutes 

A. C. Harper, Chairman, Wyomissing Polytechnic Institute 

B. E. Thorooood, Franklin Technical Institute 
F. E. Dobbs, Wentworth Institute 

John T. Paio, Ohio Mechanics Institute 
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SECTIONS 

Allegheny: 

r. II. Stiening, Chairman, University of Pittsburgh. 

G. A. Irland, Vice-Chairman, Bucknell University. 

R. 0. Gorham, Secretary, University of Pittsburgh. 

L. D. Hayes, Memhcr, Norn. Com., West Virginia Univ. 
1943 Mooting, November, T^iversity of Pittsburgh. 

Elinois-Indiana: 

P. E. Mobil, Chainmn, Univ. of Illinois. 

E. P. Obert, Secretary-Treas., Northwestern Univ. 

Jf. B. Reed, 111. Inst. Tech. 

R. E. Rich, Univ. Notre Dame. 

O. L. Stock, Rose Poly. Inst. 

0. S. Ciitshall, Purdue Univ. 

1943 Meeting, April L’4, Univ. of Illinois. 

Kansas-Nebraska: 

W. C. Brenke, Chairman, Univ. of Nebraska. 

Q. W. Bradshaw, Secretary, Univ. of Kansas. 

F. F. Frazier, Program, Kansas State College. 

Kentucky: 

' F. L. Wilkinson, Chairman, T'niv. of liouisvillo. 

.T. W. May, Vice ('hairman, T"niv. of Kentucky. 

- — — - - , Si'c.Tri'a--!., ... 


Middle Atlantic: 

Hale Sutherland, (hairman, Lehigh ITniveisity. 

L. IT. Rittenhonse, Vice Chairman, Haverford (’olh-ge. 

F. D. Carvin, Scc.-IraiH., Newark College of Eng. 

G. F. Ijateman, Member, Nom, Com., Coo])er Union. 

Michigan: 

R. A. White, Chairman, Grand Rapids .Tmiior College. 
C. C. Winn, Vice Chairman, Detroit Inst. 'redi. 

C. A. Brown, Sec.-Treas., General Motors Inst. 

1943 ^Meeting, Ajiril 24, Michigan Stale College. 

Minnesota: 

C. A. Mann, Chairman. 

Geo. Filipetti, Seci'clary. 

Otto Zolner, Program. 

Missouri: 

E. W. Carlton, Chairman, Missouri Mines. 

R. B. B. Moorman, Vice Chairman, Univ. of Missouri 
T. R. Ball, Secretary, Washington Univ. 

1943 Meeting, April, Washington Univ. 
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National Capital: 

S. S. Steinberg, Chairman, Unlv. of Maryland. 

A. G. Cliristie, Vice Chairman, Johns Hopkins Unir. 

E. J. Stocking, Sec.-Treaa,, U. S. Civil Service Com. 

New England: 

P. W. Oarran, Chairman, Dartmouth College, 

C. E. Tucker, Secretary, Mass. Inst, of Tech. 

C. Jj. Dawes, 2(embcr, Norn. Com., Harvard Uiiiv. 

North Midwest: 

Jj. O. Stewart, Chairman, Iowa State College. 

W. J. Hebard, Vice Chairman, Marquette Univ. 

F. E. Lightburn, Sec.-Treas., loAva State College. 

G. P. Tracy, Univ. Wisconsin. 

L. A. Bose, Mich. M. & T. 

R. W. French, Univ. Minnesota. 

J. W. How'c, Iowa State Univ. 

Ohio: 

J. B. Shank, Chairman, Ohio State 

M. E. Haas, Vice Chairman, T''^niv. of Dayton. 

E. O. Scott, Vice Chairman, Univ. of Toledo. 

W. R. Dumi)le, Secretary, Ohio State Univ. 

Pacific Northwest: 

Harry McIntyre, Chairman, Univ. of Washington. 

R. Q, Brown, Vice Chairman, Univ. of Washington, 

E. D. Engel, Scc.Trcan., Ujhv. of Washington. 

Pacific Southwest: 

C. T. Wickocil, Chairman, Univ. of California. 

G. A. Gehrig, Vice Chairman, Pasadena Jr. College. 

E. D. Howe, Sec.-Treas., Univ. of Calif. 

Rocky Mountain: 

G. E. Sechrist, Chairman, Univ. of Wyoming. 

C. W. Brown, Secretary, Univ. of Wyoming. 

South Dakota: 

H. E. Brookmau, Chairman, Univ. of South Dakota. 

W. G. Gamble, Vice Chairman, S. D. State College. 

C, G. Watson, Secretary, S. D. School of Mines. 

Southeastern: 

G. J. Davis, Chairman, Univ. of Alabama. 

F, L. Wilkinson, Vice Chairman, Univ. of Louisville. 

H. G. Haynes, Secretary, The Citadel. 

1943 Meeting, May 1, Univ. of Tennessee. 

Southwestern: 

J. H. Pound, Chairman, Rice Institute. 

H. P. Godeke, Vice Chairman, Texas Tech. College. 

H. C. Dillingham, Sec.-Treas., A. & M. College of Texas. 
Meeting, Texas Technological Institute. 
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Upper New Torb: 

Paul H. Blaek, Chairman, Cornell University. 

G. E. Grantham, Vice Chairman, Cornell University. 

H. A. Weiss, See.-Treae., Clarkson College of Technology. 

BRANCHES 


Arizona: 

F. C. Kelton, Chairman. 

J. B. Cunningham, Vice-Chairman. 

G. C. McCombs, Secretary, 

Bucknell: 

H. A. Weeden, Chairman. 

G. N. Kunklc, Sec.-Treas. 

Case: 

J. G. Albright, Chairman. 

G. W. Sanford, Vice-Chairman. 

G. B. Priester, Secretary. 

Colorado School of Mines: 

- , Chairman. 

11. M. Copeland, Vice-CJuiirman. 

Colorado State College: 

G. P. Henry, Chairman. 

University of Colorado: 

W. Otto Birk, Chairman. 

H. B. Palmer, Secrclory. 

Cornell: 

E. M. Strong, Chairman. 

University of Detroit: 

F. J. Linsenmeyer, Chairman. 

J. Gerardi, Vice-Chairman. 

J. J. Uieker, Secretary. 

Georgia School of Technology: 

W. Y. Dunkin, Chairman. 

P. B. Narmore, Secretary. 

Lafayette: 

H. W. Savage, Chairman. 

E. L. McMillen, Vice-Chairman. 
W. G. McLean, Secretary. 

Maine: 

C. E. Bennett, Chairman. 

W. J. Creamer, Vice-Chairman. 

B. A. Sawyer, Secretary, 


Michigan State College: 

O. W. Fairbanks, Chairman. 

C. A. Miller, Vice-Chairman. 

L. S. Foltz, Secretary. 

J. E. Bobertson, Treasurer. 

Newark College of Engineering: 

Frank N. Entwislc, Chairman. 
Paul E. Schweizer, Treasurer. 

, H. N. Cummings, Secretary. 

North Carolina State College: 

A. M. Fountain, Chairman. 

W. n. Browne, Vice-Chairman. 
T. C. Brown, Secretary-Treasurer. 
W. G. Van Note, Corresponding 
Secretary. 

Northeastern: 

C. P. Baker, Chairman. 

W. T. Alexander, Secretary. 

Pennsylvania State College: 

A. L. Tobias, Chairman. 

F. T. Mavis, Vice-Chairman. 

A. H. Zerban, Secretary. 

Purdne: 

W. J. Cope, Chairman. 

L. H. Eemmcr, Secretary. 

Tufts College: 

A. W. Leighton, Chairman. 

F. N. Weaver, Secretary. 

Worcester Polsrtechnlc Institute: 

E. D. Wilson, Chairman. 

F. J. Adams, Secretary. 

V. Siegfried, Member, Exec. Com. 



COMMITTEES FOR 1942-43 


Conferences: C. E. MacQuigg, Chairman, The Ohio State University, Colum¬ 
bus, Ohio, in charge of all conferences for the 50th anniversary meet¬ 
ing, Chicago, Til., June 18-20, 1943. 

Executive: H. T. Ileald, Chairman, Illinois Institute of Technology, Chicago, 
Ill., C. E. MacQuigg, B. M. Woods, .T. S. Thompson, F. L. Bishop. 
Program: H. T. Hoald, Chairman, C. E. MacQuigg, B. M. Woods, J. S. 
Thompson, F. L. Bishop. 

Publication: F. L. Bishop, Chairman, University of Pittsburgh, Pittsburgh, 
Pa., A. H. White and II. T. Heald. 

Acceleration of Regular Engineering Programs: D. B. Prentice, Chairman, 
Bose Polytechnic Institute, Terre Haute, Ind., I. C. Crawford, C. E. 
MacQuigg, E. E. Moreland, R. W. Sorensen, F. L. Wilkinson; H. T. 
Heald and F. Ij. Bishop, Ex-Officio. 

Aeronautical Engineering: Alexander Kleiuin, Chairman, New York 'Uni¬ 
versity, New York City, H. W. Barlow, I>. R. Parkinson, C. T. Reid, 
Hans Reissner, M. J. Thompson, K. D. Wood, J. K. Younger. 
Comprehensive Examinations: R. 11. Fraxier, Chairman, Mass. Inst. Tech.. 
Cambridge, Mass., TI. W. Bibber, W. E. Howland, C. V. Mann, C. T. 
Olmsted, C. L. Kvciisen, O. fc5. Timoshenko, W. C. White, P. A. Willis. 
Engineering Economy: E. 1). Ayres, Chairman, Ohio State University, 
Columbus, Ohio, J. C. Clark, W. 1). Ennis, Ij. J. Fletcher, E. L. Grant, J. 
C. Hempstead, M. C. Mcliroy, P. T. Norton, J\. I. Peterson, R. C. 
Putnani. 

Engineering School Libraries: J. B. O’Farrell, Chairman, College of the City 
of New York, Now York City, Harold laincour, Ruth McG. Lane, Gran¬ 
ville Meixell, Natalie Nicholson. 

Engineering Research: L. M. K. Boeltcr, Chairman, University of California, 
Berkeley, Calif., F. M. Dawson, F. O. Ellenwood, O. A. Hougen, A. S. 
Langsdorf, M. F. Sayre, E. O. Waters, J. R. Withrow, W. R. Woolrich. 
Evening Engineering Courses: R. E. Doherty, Chairman, Carnegie Institute 
cf Technology, Pittsburgh, Pa., N. P. Auburn, H. P. Dutton, H. E. 
Dyche, F. C. Stockwell. 

Fiftieth Anniversary (1943): Working Committee: H. P, Hammond, Chair¬ 
man, The Pennsylvania State College, State College, Pa., S. B. Earle, 
K. T. Compton, O. J. Ferguson, D. B. I’rentice, A. H. While, H. T. 
Heald, O. W. Eshbach, F. E. Bishop. 

Honorary Commillec: C. Frank Allen and M. E. Cooley, Chairman, 
F. E. Giesecke, D. C. Jackson, J. P. Jackson, D. S. Jacobus, L. E. 
Kcber, R. L. Sackett. 

Format of the Journal of Engineering Education: J. S. Thompson, Chairman, 
McGraw-Hill Book Co., New York City, W. Bradford Wiley, F. L. 
Bishop. 

Graduate Study: L. E. Grintor, Chairman, Illinois Institute of Technology, 
Chicago, Ill., Hardy Cross, J. W. M. Bunker, H. J. Masson, R. W. Soren¬ 
sen, A. H. White. 

InstltuMonal Members: R. A. Seaton, Chairman, Kansas State College, Man¬ 
hattan, Kansas, D. 0. Jackson, R. L. Sackett. 
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Instructional Methods! 0. S. £11, Chairman, Northeastern University, Bos¬ 
ton, Mass., W. R. Bryans, W. M. Cobleigh, H. J. Gilkey, Scott Lilly, 
.1. B. Morehouse, C. E. Tucker. 

Junior Colleges: A. B[. Lovell, Chairman, University of Michigan, Ann 
Arbor, Mich., E. C. Douglas, E. R. Hedrick, J. W. Hazen, 0. T. Oswald, 
R. H. Spahr, R. A. White. 

Laniine Award: A. M. Dudley, Chairman, Westinghouse E. & M. Co., East 
Pittsburgh, Pa.; four years, E. M. Billings, 343 State St., Rochester, 

N. Y., R, C. Ernst, University of Louisville, L. G. Straub, University 
of Minnesota; three years, T. R. Agg, Iowa State College, L. E. Grinter, 
Illinois Institute of Technology, G. W. Gleeson, Oregon State College; 
two years, Paul Cloke, University of Maine, S. B. Earle, Clemson Col¬ 
lege, E. A. Thomson, Montana School of Minos; one year, A. M, Dudley 
A. C. Stevens, General Electric Company, B. G. Elliott, University of 
Wisconsin. 

Membership: H. T. Heald, Chairman, Illinois Institute of Technology, Chi¬ 
cago, Ill., J. E. Hannum, L. P. Arduser, G. P. Stocker, II. E. Davis, R. 
E, Vivian, R. L. Daugherty, S. M, Morris, C. M. McKergow, C. R. 
Young, Warren Raeder, C. M. Knudson, .T. R. Morgan, L. E. Seeley, J. 
H. Ijampc, R. L. Spencer, Jos. Weil, R. L. Sweigert, J. E. Buchanan, 
R. C. Kintner, B. II. Jennings, R. P. Hoclschor, Seibert Fairman, R. J. 
Schubmchl, J. M. Phelps, D. L. Arm, E. B. Kurtz, R. L. Grider, Linn 
TIelander, 'C. C. Jett, F. L. Wilkinson, C. W. Ricker, R. T. Scssums, 
P. M. Horton, A. S. Hill, R. E. Roiit, W. B. Kouwenhoven, S. S. Stein¬ 
berg, W. E. Nightingale, J. S. Thompson, C. E. Tucker, H. P. Burden, 
K. G. Mcrriam, I. C. (’rawford, C. J. Freund, A. R. Carr, M. M. Cory, 

O. T. Eddy, C. A. Koe])kc, H. A. Curtis, C. V. Mann, W. M. Cobleigh, 
W. L. DeBaufre, S. G. Palmer, L. W. Hitchcock, F. W. Garran, James 
Creese, H. N. Cummings, F. li. Pumjjhrev, J. C. Elgin, D. F. Othmer, 
W. 11. IT. Cowles, P. H. Black, S. J. Tracy, J. M. Church, Bro. A. Leo, 
II. E. AV'essman, F. C. Wilson, M. F. Sayre, Louis Mitchell, H. H. 
Nugent, W. H. Hall, E. E. Randolph, L. C. Harrington, F. E. Ayer, R. 
C. Gowdy, G. B. Carson, C. E. MacQuigg, D. M. Palmer, H. L. Dodge, 
A. Naoter, F. O. McMillan, A. C. Callen, W. B. Plank, G. A. Irland, 
R. C. Disque, tl. S. Goff, W. N. Jones, P. E. Rush, C. L. Kinsloe, C. G. 
Thatcher, J. S. Morehouse, R. L. Wales, L. S. LeTellier, J. G. Potter, 
N. W. Dougherty, II. E. Deglor, A. A. Jakkula, E. H. Flath, L. B. 
Ryon, C. V. Bullen, A. Diefendorf, G. F. Eckhard, A. D. Taylor, Louis 
O’Shaughnessy, J. L. Vaughan, R. D. Sloan, E. R. Wilcox, C. E. Lawall, 
H. E. Pulver. 

Nominating: Past presidents, members of Council retiring in 1944, and one 
member of the Soeiety from each Section who shall have been elected 
for a term of one year at a regularly called meeting of the Section and 
duly certified to the Secretary of the Society before May 15, 1942. 
Personal Development, Coordinate Committees in: Ivan C. Crawford, General 
Chairman, University of Michigan, Ann Arbor, Mich. 

(a) Student Selection: R. L. Sackett, Chairman, Hotel Sheraton, New 

York City, G. M. Butler, J. W. Howe, W. A. Knapp, W. C. Krath- 
wohl, W. B. Plank. 

(b) Undergraduate Adjustments: F. 1.. Wilkinson, Chairman, Univer¬ 

sity of Louisville, Louisville, Ky., C. T. Eddy, J. E. Hobson, C. 
A. Koepke, T. H. Morgan, J. C. Reed. 

(c) Development and Placement: O. W. Eshbach, Chairman, Northwest¬ 

ern University, Evanston, Ill., L. W. Bass, Walter Bishop, M. M. 
Boring, N. C. Ebaugh, J. H. Foote, W. J. Hebard, S. B. Morris. 
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Ptayaics: J. U. Potter, Chairman, School of Mines, Rapid City, S. D., H. L. 
Dodge, C. E. Bennett, G. P. Brewington, P. L. Copeland, Lark-Horovitz, 
J. W. Woodrow. 

Principles of Engineering Ethics: J. W. Barker and D. C. Jackson. , 
Progress: C. F. Scott, Chairman, Yale University, New Haven, Conn., E. H. 
Flath, D. C. Jackson, C. C. Williams. 

Belations with Engineering Societies: W. B. Woolrich, Chairman, University 
of Texas, Austin, Texas, D. B. Prentice, H. P. Hammond, F. L. Bishop. 
Belations of Divisions to the Society: E. L. Erikscn, Chairman, University 
of Michigan, Ann Arbor, Mich., C. E. Bollinger, S. W. Dudley, H. E. 
Dyche, O. W, Eshbach, 11. M. McCull}'^, J. H. Bushton. 

Secondary Schools: D. M. Palmer, Chairman, University of Toledo, Toledo, 
Ohio, A. A. Bennett, L. M. K. Boelter, W. D. Turnbull. 

Sections and Branches: B. M. Woods, Chairman, University of California, 
Berkeley, Calif., 0. V. Adams, P, S. BiegJer, A. B. Carr, L. E. Conrad, 
H. O. Croft, J. W. Harrelson, li. H. Siittie. 

Stndent Conservation: W. E. Wickenden, Chairman, Case School of Applied 
Science, Cleveland, Ohio, C. J. Freund, W. A. Kna]*p, V, Millar, F. 
L. Wilkinson. 

Representatives of the Society on Various Committees, Boards and. Com¬ 
missions: 

American Standards Association: 

Symbols and Abbreviations: E. J. Streubel, P. J.‘ Kiefer, M. C. 
Stuart. 

Standard Drawings and Drafting Boom Practice; Z-14: T. E. 
French. 

Electrical Definitions: E. E. Bennett. 

Symbols for Heat and Thermodynamics: B. C. H. Heck, P. J. 

Kiefer, M. C. Stuart, L. T. Work. 

Standardization of Aeronautical Symbols: Alexander Klemin. 
American Council on Education: F. L. Bishop, D. B. Prentice, W. E. 
Wickenden. 

Engineers’ Council for Professional Development: I). B. Prentice, 0. C. 
Williams, B. E. Doherty. 

Charles A. Coffin Fellowships and Research Committee; H. T. Heald. 
National Bureau of Engineering Registrations: Paul Cloke. 
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LAMME MEDAL 

Benjamin Garver Lammc left to this Society a trust fund, the income 
from this to be expended for a gold medal "to be given yearly to a chosen 
technical teacher for accomplishment in technical teaching or actual advance¬ 
ment of the art of technical training." 

RECIPIENTS OF LAMME MEDAL 

1928— Qeobge Fillmobe Swain, Professor of Civil Engineering, Harvard 

University. 

1929— Ibyinq Pobteb Chubch, Emeritus Professor of Applied Mechanics and 

Hydraulics, Cornell University. 

1930— CHABiiRS Felton Scott, Professor of Electrical Engineering, Yale 

University. 

1931— DTTGALn Caleb Jackson, Professor of Electric Power Production and 

Distribution, in charge, Dept., Electrical Engineering, Massachusetts 
Institute of Technology. 

1932— Abthub Newell Talbot, Professor of Municipal and Sanitary Engi¬ 

neering, Emeritus, University of Illinois. 

1933— Dexteb Simpson Kimball, Professor of Industrial Engineering, Dean, 

College of Engineering, Cornell University. 

1934— Edwakd Bose Maubeb, Professor of Mechanics, University of Wisconsin. 

1935— William Elgin Wickenden, President, Case School of Applied Science. 

1936— Herman Schneider, Dean, University of Cincinnati. 

1937— Fredehick Eugene Turneaure, Doan, University of Wisconsin. 

1938— ^Robert Lemuel Sackett, Dean, Pennsylvania State College. 

1939— Stephen P. Timoshenko, Professor of Theoretical and Applied Me¬ 

chanics, Stanford Univor.sity. 

1940— Andbby a. Potter, Dean, Schools of Engineering, Purdue University. 

1941— Anson Mauston, De.nn of Engineering, Emeritus, Iowa State College. 

1942— Roy Andrew Seaton, Doan, Division of Engineering, Kansas State 

Pollogo; Director, E. S. M. W. T., C. S. Office of Education. 
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IN8TITT7T10N AL MESIBERS 


INSTITUTIONAL MEMBERS. 

Active.* 

University of Akron, Akron, Ohio, H. E. Simmons, President, F. E. 

Ayer, Dean ... 1914 

Alabama Polytechnic Institute, Auburn, Ala., L. N. Duncan, Presi¬ 
dent, Jno. J. Wilmore, Dean . 1914 

University of Alabama, University, Ala., Bichard C. Foster, President, 

Oeo. J. Davis, Dean . 1923 

University of Alaska, College, Alaska, W. E. Duckeriiig, Dean. 1941 

University of Alberta, Edmonton, Alberta, Canada, W. A. E. Kerr, 

President, R. S. L. Wilson, Dean . 1924 

The American Institute of Chemical Engineers, Stephen Tyler, Sec¬ 
retary, 29 West 39th Street, New York City. 1939 

The American Society of Civil Engineers, George T. Scabury, Secre¬ 
tary, 33 West 39th Street, New York City. 1939 

University op Arizona, Tucson, Ariz., Alfred Atkinson, President, G. M'. 

Butler, Doan . 1914 

University op Arkansas, Fayetteville, Ark., J. W. Fulbright,, President, 

George P. Stocker, Dean . 1921 

Polytechnic Institute op Brooklyn, Brooklyn, N. Y., H. S. Rogers, 

President, E. J. Streubel, Dean . 1921 

Brown University, Providence, R. I., Henry M. Wriston, President, 

Leighton T. Bold, Chairman . 1914 

Bucknell University, Lewisburg, Pa., A. C. Marts, President, G. A. 

Irland, Chairman of Engineering Group. 1925 

California Institute of Technology, Pasadena, Calif., Robert A. 
Millikan, Chairman, Executive Council; Franklin Thomas, Chairman 

of Engineering Division . 1913 

University of California, Berkeley, Calif., Robert G. Sproul, President, 

D. H. McLaughlin, Dean . 1937 

Carnegie Institute of Technology, Pittsburgh, Pa., R. E. Doherty, 

President, W. N. Jones, Director . 1915 

Case School of Applied Science, Cleveland, Ohio, Wm. E. Wickenden, 

President, T. M. Focke, Dean . 1913 

Catholic University op America, Washington, D. C., Joseph M. Corri¬ 
gan, Rector, A. J. Scullen, Dean . 1917 

University of Cincinnati, Cincinnati, Ohio, Raymond Walters, Presi¬ 
dent, R. C. Gowdy, Dean... .. 1917 

The Citadel, The Military College of South Carolina, Charleston, 

S. C., C. P. Summerall, President, L. S. LeTellier, Dean. 1914 

Clarkson College of Technology, Potsdam, N. Y., .Tohn A. Ross, Jr., 


Clem son Agricultural College, Clomson, S. 0., Robert F. Poole, Presi¬ 
dent, S. B. Earle, Dean .1913 

Colorado School of Mines, Golden, Colo., Melville F. Coolbaugh, Presi¬ 
dent, Jesse R. Morgan, Dean ... 1929 

Colorado State College of Agriculture and Mechanic Arts, Fort 

Collins, Colo., Boy M. Green, President, N. A. Christensen, Dean .... 1923 

* Active institutional members are accredited engineering colleges and 
distinguished national engineering societies. ** 
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UNiVERsrry or Colorado, Boulder, Colo., Robert L. Stearns, President, 

•TV ■»-v * * 


H. 8 . Evans, Dean. 1016 

Columbia Univeesity, Now York City, N. M. Butler, President, Joseph 

W. Barker, Dean . 1923 

Univbrsity of Connecticut, Storrs, Conn., A. N. Jorgensen, President, 

J. H. Lampc, Doan . 1941 

The Coopee Union, New York City, Edwin S. Buvdell, Director, G. F. 

Bateman, Dean . 1927 

Cornell University, Ithaca, N. Y., Edmund Ezra Day, President, S. C. 

Hollister, Dean . 1913 

University op Delaware, Newark, Del., Walter Hullihen, President, R. 

L. Spencer, Dean . 1916 

University of Denver, Denver, Colo., Caleb F. Gates, Chancellor, C. M. 

Knudsou, Dean . 1941 

University op Detroit, Detroit, Mich., Charles H. Cloud, President, C. J. 

Freund, Dean . 1924 

Drexel Institute op Technology, Philadelphia, Pa., George P. Rea, 

President, It. C. Disque, Dean . 1914 

Duke University, Durham, N. C., R. L. Thomas, President, W. H. Hall, 

Director . 1932 

Ecole Polyteciinique, Montreal, Canada, Augustin Frigon, President, 

Armand Circ 6 , Dean . 1917 

Engineering Institute of Canada, Tiir, 2050 Mansfield Street, Mon¬ 
treal, Canada, L. Austin Wright, Secretary . 1924 

University of Florida, Gainesville, Fla., John J. Tigert, President, 

Joseph Weil, Dean . 1928 

George Washington University, Washington, D. C., Cloyd Heck Mar¬ 
vin, President, F. M. Feiker, Dean. 1913 

Georgia School of Technology, Atlanta, Oa., M. L. Brittain, President, 

D. P. Savant, Dean . 191,3 

The Graduate School of Engineering, Harvard University, Cambridge, 

Mass., James Bryant Conant, President, Ilarald M. Westergaard, 

Dean . 1919 


University op Idaho, Moscow, Idaho, H. C. Dale, President, J. E. Bu¬ 


chanan, Dean . 1924 

ILUNOIS Institute of Technology, Chicago, III., H. T. Heald, President 1921 
University of Illinois, Urbana, Ill., A. C. Willard, President, M. L. 

Enger, Dean . 1914 

Iowa State College, Ames, Iowa, Charles E. Friley, President, T. R. 

Agg, Doan . 1913 

State University of Iowa, Iowa City, Iowa, Virgil M. Hancher, Presi¬ 
dent, F. M. Dawson, Dean *. 1914 

Johns Hopkins University, Baltimore, Md., Isaiah Bowman, President, 

W. B. Kouwenhoven, Dean . 1921 

Kansas State College op Agriculture and Applied Science, Man¬ 
hattan, Kans., F. D. Farrell, President, It. A. Seaton, Dean. 1917 

The University op Kansas, Lawrence, Kans., Deane W. Malott, Chancel¬ 
lor, Jay J. Jakosky, Dean . 1914 

University of Kentucky, Lexington, Ky., H. L. Donovan, President, 

James H. Graham, Dean ....*. 1925 

Lafayette College, Easton, Pa., William Mather Lewis, President .... 1916 
Lehigh University, Bethlehem, Pa., C. 0. WilUams, President, A. C. 

Callen, Dean. 1914 

Louisiana State University, University, La., O. B. Hodges, Acting 

President, L. J. Lassalle, Dean. 1934 





























30 


INSTITUTIONAL MEMBERS 


Umive&sity or Louisvii^le, Louisville, Ky., Bayiiioiid A. Kent, Presi¬ 
dent, F. L. Wilkinson, Dean . 1925 

McGill Ukivebsitt, Montreal, Canada, F. Qyril James, Principal, E. 

Brown, Dean. 1^24 

University or Maine, Orono, Me,, Arthur A. Hauck, President, Paul 

Cloke, Dean . 1917 

Manhattan College, New York City, Eev. Bro. A. Victor, President, 

Bev. Bro. A. Leo, Dean. 1933 

Marquette University, Milwaukee, Wis., R. C. McCarthy, President, F. 

A. Kartak, Dean . 1919 

University or Maryland, College Park, Md., H. C. Byrd, President, S. 

S. Steinberg, Dean . 1923 

Massachusetts Institute of Technology, Cambridge, Mass., K. T. 

Compton, President, £. L. Moreland, Dean. 1918 

Michigan College of Mining and Technology, Houghton, Mich., Grover 

C. Dillman, President, James Fisher, Dean . 1914 

Michigan State College, East Lansing, Mich., B. S. Shaw, President, 

H. B. Dirks, Dean . 1933 

University or Michigan, Ann Arbor, Mich., Alex G. Buthven, President, 

Ivan C. Crawford, Dean .1913 

University of Minnesota, Minneapolis, Minn., Walter C. Coffey, Presi¬ 
dent, Samuel C. Lind, Dean. 1911* 

Mississippi State College, State College, Miss., G. D. Humphrey, Presi¬ 
dent, L. L. Patterson, Dean. 1939 

University or Missouri, Columbia, Mo., P. A. Middlebnsh, President, 

H. A. Curtis, Dean. 1914 

Missouri School or Mines ani> Metallurgy, Rolla, Mo., C’urtis h. Wil¬ 
son, Dean . 1925 

Montana School of Mines, Butte, Mont., F. A. Thomson, President .... 1938 
Montana State Coi.lege, Bozem.'in, Mont., W. M. CobTeigh, Acting 

President ... 1 92 .j 

University or Nebr.asica, Lincoln, Nebr., C. A. Boucher, Chancellor, O. 

J. Ferguson, Dean . 1914 

Newark College or Engineering, Newark, N. J., Allan B. Cullimore, 

President, James A. Bradley, Dean. 1922 

University of New Brunswick, Fredericton, N. B., Cecil C. Jones, Presi¬ 
dent, John Stephens, Dean. 1923 

University op New IIampshire, Durham, N. H., Fred Englehardt, 

President, G. W. Case, Dean.'. 1923 

New Mexico Colijsge or A. & M. Arts, State College, N. M., H. M. 

Milton, President, D. B, Jett, Dean. 1917 

New Mexico School of Mines, Socorro, N. M., B. H. Bcece, President 1941 
University or New Mexico, Albuquerque, N. M., J. F. Zimmerman, 

President, M. E. Farris, Dean . 1937 

New York College or Ceramics at Alfred University, Alfred, N. Y., 

J. Nelson Norwood, President, Major E. Holmes, Dean. 1938 

The College op the City op New York, New York, N. Y., H. N. 

Wright, President, A. B. Newman, Dean. 1940 

New York University, New York, N. Y., Harry W. Chase, Chancellor, 

Thorndike Saville, Dean . 1913 

North Carolina State College of Agriculture and Engineering, Di¬ 
vision of the University of North Carolina, Baleigh, N. 0., Frank P. 

Graham, President, B. B. Van Leer, Dean. 1920 

North Dakota Agricultural Collbox^ Fargo, N. D., F. L. Erersull, 

President, Harry 8. Bush, Acting Dean . 1924^ 
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University of North Dakota, Grand Forks, N. D., John C. West, Presi¬ 
dent, L. C. Harrington, Dean . 1913 

Univursitt of Notre Dame, Notre Dame, Ind., Hugh O'Donnell, Presi¬ 
dent, D. C. Jackson, Jr., Dean. 1914 

Northeastern UNivEasiTY, Boston, Mass., Carl S. Ell, President, W. C. 

White, Dean . 1921 

North-western University, Evanston, Ill., Pranklyn B. Snyder, Presi¬ 
dent, O. W. Eshbach, Dean . 1939 

Norwich University, Northficld, Vt., John M. Thomas, President, A. E. 

Winslow, Dean. 1938 

Ohio State University, The, Columbus, O., II. L. Bevis, President, 

Charles E. MacQuigg, Dean. 1921 

State University of Oklahoma, Norman, Okla., Joseph A. Brandt, Presi¬ 
dent, W. H. Carson, Dean. 1913 

Oklahoma A. & M. College, Stillw'ater, Okla., Henry G. Bennett, 

President, Philip S. Donnell, Dean . 1933 

Oregon State Coij.eoe, (’orvallis. Ore., A. L. Strand, President, B. II. 

Dearborn, Dean. 1917 

The Pennsylvania State College, State College, Pa., B. D, Hetzel, 

President, H. P. Hammond, Dean . 1914 

University of Pennsylvania, Philadelphia, Pa.; Thos, S. Gates, Presi¬ 
dent: Moqre School of Electrical Engineering, Harold Pender, Dean 1930 

Towne Seiontifie School, John' A. Goff, Dean . 1914 

University of Pittsburgh, Pittsburgh, Pa., John G. Bow'man, Chan¬ 
cellor, E. A. Holbrook, Dean. 1913 

Pratt Institute, Brooklyn, N. Y., Charles Pratt, Secretary, A. L. Cook, 

Director . 1939 

Princeton University, Princeton, N. J., Harold Willis Dodds, President, 

K. H. Condit, Dean . 1922 

Purdue University, Lafayette, Ind., Edward Charles Elliott, President, 

A. A. Potter, Dean .. 1915 

(Queen's University, Kingston, Ont., Canada, B. C. Wallace, Principal 

and Vice Oiancellor, A. L. dark, Dean . 1922 

Rensselaer Polytechnic I.nstitute, Troy, N. Y., W. O. Hotchkiss, 

Director, R. P. Baker, Assist.*int Director. 1922 

Rhode Island State College, Kingston, B. 1., Carl B. Woodward, 

President, Boyal L. Wales, Dean. 1913 

Rice Institute, Houston, Tex., Edgar Odell Lovett, President, Harry 

B. Weftscr, Dean. 1924 

University of Rochester, Rochester, N. Y., Allan Valentine, President 1937 
Rose Polytechnic Institute, Terre Haute, Ind., D. B. Prentice, Presi¬ 
dent, Carl Wisehmeyer, Vice President. 1916 

Rutgers University, New Brunswick, N. J., Robt,.C. dothier. President, 

P. H. Daggett, Dean. 1914 

University of Santa Clara, Santa Clara, Calif., Charles J. Walsh, Presi¬ 
dent, G. L. Sullivan, Dean . 1937 

South Dakota State College op A. & M. Arts, Brookings, 8. D., 

Lyman E. Jackson, President, H. M. Crothers, Dean. 1924 

South Dakota State School of Mines, Rapid City, S. D., Jos. P. Con¬ 
nolly, ' President . 1926 

University of Southern California, Los Angeles, Calif., R. B. von 

Kleinsmid, President, R. E. Vivian, Acting Dean.. 1938 

Southern Methodist University, Dallas, Texas, Umphrey Lee, Presi¬ 
dent, E. H. Flath, Dean. 1989 
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Stakfobd University, Stanford Univoraitj, Calif., Donald B. Tresidder, 

President, Samuel B. Morris, Dean . 1917 

Stevens Institute of Technology, Hoboken, N. J., Harvey N. Davis, 

President, Franklin DeB. Furman, Dean . 1^13 

SwARTHMORB COLLEGE, Swarthmore, Pa., John W. Nason, President, Scott 

B. Lilly, Chairman .1921 

Syracuse University, Syracuse, N. Y., William P. Tolley, Chancellor, 

Louis Mitchell, Dcnii . 1913 

University of Tennessee, Knoxville, Tenn., James D. Hoskins, Presi¬ 
dent, N. W. Dougherty, Dean . 1921 

A. & M. College op Texas, College Station, Tex., Thomas O. Walton, 

President, Gibb Gilchrist, Dean . 1936 

Texas Technological College, Lubbock, Tex., Clifford B. Jones, Presi¬ 
dent, O. y. Adams, Dean... 1931 

University op Texas, Austin, Tex., Homer P. Eainey, President, W. E. 

Woolrich, Dean . 1919 

Thayer School of Enginkekino at Dartmouth College, Hanover, 

N. H., Ernest M. Hopkins, President, Frank W. Garran, Detfn. 1940 

University op Toledo, Toledo, Ohio, P. C. Nash, President, D. M. Palmer, 

Dean . 1915 

University op Toronto, Toronto, Ont., Canada, H. J. Cody, President, 

C. B. Young, Dean. 1917 

TuPTS College, Medford, Mass., Leonard Carmichael, President, H. P. 

Burden, Dean . 1914 

Tulane University op Louisiana, Ncav Orleans, La., B. 0. Harris, Presi¬ 
dent, J. M. Robert, Dean. 1921 

University op Tulsa, Tulsa, Okla., C. I. Pontius, President, B. L. Lan- 

genheim, Dean. 1940 

Union College, Schenectady, N. Y., Dixon Ryyan Fox, President, H. W. 

Bibber, Administrative Head, Division of Engineering . 1937 

United States Coast Guard Academy, New London, Conn., Capt. James 

Pine, Supt. 1939 

Utah State Agricultural College, Logan, Utah, Elmer G. Peterson, 

President, Q. D. Clyde, Dean. 1940 

University of Utah, Salt Lake City, Utah, LeRoy E. Cowles, President, 

A. Leroy Taylor, Dean . 1914 

Vanderbilt University, Nashville, Tenn., Oliver C. Carmichael, Chan¬ 
cellor, F. J. Lewis, Dean . 1914 

University op Vermont, Burlington, Vt., Q. F. Eckhard, Dean. 1915 

ViLLANOVA College, Villanova, Pa., E. V. Stanford, President, J. S. 

Morehouse, Dean .1921 

Virginia Military Institute, Lexington, Va., C. B. Kilbourne, Super¬ 
intendent, S. W. Anderson, Academic Executive . 1937 

Virginia Polytechnic Institute, Blacksburg, Va., Julian A. Burruss, 

President, £. B. Norris, Dean. 1924 

University op Virginia, University, Va., J. L. Newcomb, President, W. 

S. Bodman, Dean . 1915 

Washington University, St, Louis, Mo., George R. Throop, Chancellor, 

A. 8. Langsdorf, Dean. 1914 

State College of Washington, Pullman, Wash., E. O. Holland, Presi¬ 
dent, B. D. Sloan, Dean. 1924 

University op Washington, Seattle, Wash., Leo Paul Sieg, Preaidont, 

Edgar A, Loow, Dean .!»..1934 
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Webb InstiTIjte oe Naval Aechitecture, New York City, George H. 

Bock, Dean . 1937 

West Virginia University, Morgantown, W. Va., C. E. Lawall, Presi¬ 
dent, B. P. Davis, Dean. 1937 

University of Wisconsin, Madison, Wis., Clarence A. Dykstra, Presi¬ 
dent, P. Ellis Johnson, Dean . 1914 

Worcester Polytechnic Institute, Worcester, Mass., Wat T. Cluverius, 

President, P. W. Roys, Dean . 1913 

University op Wyoming, Laramie, Wyo., A. G. Crane, President, K. D. 

Goodrich, Dean . 1925 

Yale University, New Haven, Conn., Charles Seymour, President, S. W. 

Dudley, Dean . 1917 


Associate * 


Arkansas Polytechnic College, BusscUvillc, Ark., C. B. Nichols, Dean 1940 
Biass Electrical School, Takoma Park, Washington, D. C., Louis D. 

Bliss, President, Milton M. Planders, Dean . 1939 

Penn College, Cleveland, Ohio, C. V. Thomas, President, B. TI. Bush, 

Doan . 1940 

f’BANKLiN Technical Institute, Boston, Mass., B. K. Thorogood, Director 1940 
University op Hawaii, lionolulu, T. II., David L. Crawford, President, 

A. B. Keller, Dean .. 192.3 

Howard University, Washington, D. C., M. W. Johnson, President, L. 

K. Downing, Dean . 1937 

Kansas State Teachers Coi.lege, Pittsburg, Kansas, Bees H. Hughes, 

President, J. A. G. Shirk, Dean . 1937 

Los Angeles Junior Colle'ie, Los Angeles, Calif. R. C. Ingalls, Direc¬ 
tor, George W. Duncan, Chairman, Engineering Department .1937 

Ohio Mechanics Institute, Cineinnati, Ohio, John T. Paig, President .. 1940 
Ohio Northern University, Ada, Ohio, Robert Williams, President, J. 

A. Needy, Dean. 1937 

University op Porto Rico, Rio Piedras, P. B., R. G. Tugwell, Chancellor, 

B. M. Ramos, Dean . 1920 

Scranton-Keyktone Junior College, La. Plume, Pa., B. S. Ilollings- 

head. President, J. A. Strelzoff, Chairman . 1937 

Texas College op Arts & Industries, Kingsville, Texas, J. O. Loftin, 

President, R. L. Peurifoy, Director . 1937 

Westinohouse Technical Night School, East Pittsburgh, Pa., R. A. 

McPherson, Manager . 1924 


Total institutional members: 

Active .. 

Assoei.atu 

154 

• An associate member may become an active member when one or more 
of its enrriculums are accredited by the E. C. P. D. 


140 

14 
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LIST OF MEAlBEttS 


INDIVIDUAL MEMBERS. 

Bevised to February 23, 1943 

Aakhus, Theodore, Assistant Professor of Engineering Drawing, Uni¬ 
versity of Nebraska, Lincoln, Nebr. 1933 

Abbett, Kobert W., Assistant Professor of Cfivil Construction, Union 

College, Schenectady, N. Y. 1936 

Abbitt, William H., Associate Professor of Physics, Carleton College, 

Northfield, Minn. 1941 

Abbott, Raymond B., Professor of Physics, Purdue University, Ltifayetto, 

Ind. 1928 

Abbott, Eobinson, Somerville, Mass. 1919 

Abbuhl, Feed, Associate Professor of English, Bensselaer Polytechnic In¬ 
stitute, Troy, N. Y. 1939 

Ackenheil, Alksed C., Instructor in Civil Engineering, UniVersity of 


Ackerman, Adolph J., Director of Engineering, Dravo Corporation, 

Neville Island, Pittsburgh, Pa. 1941 

Adams, Arthur S., Assistant Dean, College of Engineering, Cornell Uni¬ 
versity, Ithaca, N. Y. In military service . 1931 

Adams, Charles J., Professor and Head, Dept, of English, Worcester 

Polytechnic Institute, Worcester, Mass. 1937 

Adams, Douglas P., Instructor in Graphics, Massachusetts Institute of 

Technology, Cambridge, Mass.1941 

Adams, Francis J., Professor of Electrical Engineering, Worcester 

Polytechnic Institute, Worcester, Mass. 1912 

Adams, Henry C., Assistant Professor of Naval Architecture and Marine 

Engineering, University of Michigan, Ann Arbor, Mich. 1940 

Adams, Otto V., Dean of Engineering, Texas Technological College, 

Lubbock, Texas . 1930 

Adams, Balph G., In charge of Courses, Franklin Union Technical Insti¬ 
tute, Boston, Mass. 1940 

Adams, Thomas C., 242 S. 12th St. E., Salt Lake City, Utah. 1930 

Adams, William E., Assistant Professor of Mechanical Engineering, 

North Carolina State College, Bnleigh, N. C.. 1939 

Ades, Clifford S., Assistant Professor and Head, Dept, of Engineering, 

Denison University, Granville, Ohio . 1936 

Acer, Baymond W., Associate Professor of Electrical Engineering, Cor¬ 
nell University, Ithaca, N. Y.. 1940 

Ago, Thomas B., Dean of Engineering, Director, Engineering Experi¬ 
ment Station, Iowa State College, Ames, Iowa. 1923 

Ahlquist, Bobebt W., Assistant Professor of Electrical Engineering, 

Iowa State College, Ames, Iowa. 1929 

Aiken, C. C., Director, Training Course, B.C.A. Mfg. Co., Camden, N. J. 1939 
Aiken, Henry B., Assistant Professor of C&vil Engineering, University 

of Tennessee, Knoxville, Tenn. 1937 

Aitkjenbbad, Wh., Professor and Head, Dept, of Agricultural Engineer¬ 
ing, Purdue University, Lafayette, Ind. 1924 

Akxkicak, John D., Professor and Head, Department of Aeronautical 
Engineering, University of Minnesota, Minneapolis, Minn. 1931 
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Albbet, ARxaua L., Professor of Commuiucatioo Engiueeriug, Oregou 

State College, Corvallis, Ore. 1929 

Albert, Calvin D., Professor and Head, Dept, of Machine Design, Cor¬ 
nell University, Ithaca, N. Y. 1938 

Albert, Odd, Assistant Professor of Structural Engineering, Director of 

Publicity, Newark College of Engineering, Newark, N. J.1938 

Albright, Penrose S., Chairman, Division of Natural Sciences, South¬ 
western College, Winfield, Kans.1932 

Aldrich, Benjamin M., Assistant Professor of Mechanical Enginocring, 

Oklahoma A. & M. College, Stillwater, Okla. 1932 

Aldrich, Milton H., Assistant Professor of Civil Engineering, Univer¬ 
sity of Vermont, Burlington, Vt. 1939 

Alexander, Nicholas, Professor of Aeronautical Engineering, Rhode 

Island State College, Kingston, R. 1. 1937 

Alexander, William T.:. 1929 

Alger, Philip L., Chairman, General Standardizing Committee, General 

Electric Company, Schenectady, N. Y. 1925 

Alorbn, Axel B., Assistant Professor of Mechanical Engineering, Assist¬ 
ant Director, Engineering Experiment Station, University of Min¬ 
nesota, Minneapolis, Minn. 1929 

ALiiAN, William, Associate Professor of Civil Engineering, Cliairman of 

Dept., College of the City of New York, New York City. 1935 

Allen, C. Frank, Retired, 88 Montview St., West Roxbury, Mass. {Pres¬ 
ident, 1903-4; Secretary, 1895-7; Vice President, 1898-9; Member 

of Council since 1895.) . 1893 

Allen, Chester L., Professor and Head, Dept, of Civil Engineering, 

Michigan State College, East Lansing, Mich.1917 

Allen, C. M., Professor of Hydraulic Engineering, Director, Aldcn Hy¬ 
draulic Lab., Worcester Polytechnic Institute, Worcester, Mass.1903 

Allen, Elbert F., Professor of Mathematics, A. & M. College of Okla¬ 
homa, Stillwater, Okla. 1937 

Allen, George M., Assistant Professor of Drafting, Executive Officer, 

Columbia University, New York, N. Y. 1941 

AU..EN, Robert L., Instructor in Mechanical Engineering, Georgia School 

of Technology, Atlanta, Ga. 1937 

Allen, Russell B., Associate Professor of Civil Engineering, University 

of Maryland, College Park, Md. 1937 

.Alliason, Albert R., Head and Associate Professor of Electrical Engi¬ 
neering, Wayne University, Detroit, Mich. 1938 

AiiiJSON, William H., Associate Professor of Civil Engineering, Clark¬ 
son College of Technology, Potsdam, N. Y. 1928 

Allured, Robert B., Associate Professor of Electrical Engineering, Ar¬ 
kansas Polytechnic College, Russellville, Ark. In military service 1940 
Almt, Loren B., Assistant Professor of Civil Engineering, University of 

North Dakota, Grand Forks, N. D. 1941 

Amberg, Charles R., Professor of Ceramic Engineering, New York 

State College of Ceramics, Alfred, N. Y. 1941 

Ambrosius, Edgar E., Associate Professor and Head, Dept, of Mechani¬ 
cal Engineering, University of Kansas, Lawrence, Kansas .1941 

Amelotti, Emil, Assistant Professor of Mathematics, Villanova College, 

Villanova, Pa. 1&38 

Amidon, Lee L., Professor and Head, Dept, of Mechanical Engineering, 

South Dakota State College, Brookings, S. D. 1928 

Andbbsen, Paul, Associate Professor of Structural Engineering, Uni¬ 
versity of Minnesota, Minneapolis, Minn. 1934 
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Anderson, C. A., Associate Professor of Eugii]oeriii)r, Uuiversity of 

Pittsburgh, Joliiistown Center, Johnstown, Pa. 1926 

Anderson, Carl 6., Assistant Professor of Mechanical Engineering, Illi* 

nois Institute of Technology, Chicago, Dl. }940 

Anderson, 0. Edward, I’rofessor and Chairman, Dept, of Mechanical 

Engineering, University of Wyoming, Laramie, Wyo.1928 

Anderson, D. S., Dean Emeritus, Tulane University; Ogunquit, Maine. 
(Member of Council, 19S6-D, WSo-; Vice President, 19S1S2; Pres¬ 
ident, 19S5~S6.) . 1900 

Anderson, Harold W., I’rofessor of Electrical SJngineeriug, Iowa State 

College, Ames, Iowa . lOS.'i 

Anderson, James A., Dean of the Faculty, Head, Dept, of Civil Engi¬ 
neering, Virginia Military Institute, Lexington, Va. 1922 

Anderson, John, Professor of Civil Engineering, The Citadel, Charles¬ 
ton, S. C. 1936 

Anderson, Neavton H., Supervisor of Training Education Dci>t., Doug¬ 
las Aircraft Co., Inc., Santa Monica, Calif. 1942 

Anderson, Victoria, Associate in English, University of Washington, 

Seattle, Wash. 1939 

Andes, Ammon S., Assistant Professor of Mechanical Engineering, Wash¬ 
ington State College, Pullman, Wash. 1937 

Andrae, Stephan C., 865 N. Mentor Ave., Pasadena, Calif. 1939 

x\ndres, Paul 6., Associate Professor of Electrical Engineering, Illinois 

Institute of Technology, Chicago, Ill. 1941 

Andrews, Carl B., Professor of Engineering, University of Hawaii, 

Honolulu, T. H. (405 ('liarlcs St., E. I..ansjng, Mich.) . 192.") 

Andrews, Gordon O., Manager, Personnel Division, E. I. dii Pont de 

Nemours and Co., Inc., Wilmington, Del. 1942 

Andrews, Stephen C,, Associate Professor of Business Administration, 

Virginia Polytechnic Institute, Blacksburg, Va. 1934 

Anoebmann, William G., Associate Professor of Electrical Engineering, 

University of Southern California, Los Angeles, Calif. 1937 

Anthony, Richard L., Professor of Mechanical Engineering, Rutgers 

University, New Brunswick, N. J. 1937 

Appleby, Alfred N., Instructor in Drafting, College of the City of New 

York, New York City . 1940 

Applegate, C. E., Field Engineer, Technical Division, Leeds & Northrup 

Co., 4901 Stenton Ave., Philadelphia, I’a. 1941 

Arduser, Leon P., Executive As.sj.staiit, E. S. M. D. T., University of 

Alabama, University, Ala. 192.5 

Arenson, Saul B., Professor of Inorganic-Chomistry, University of Cin¬ 
cinnati, Cincinnati, Ohio . 1938 

Arm, David L., Professor and Head, Dept, of Mechanical Engineering, 

Iowa State College, Ames, Iowa. 1934 

Armsby, Henry H., Field Coordinator, E. S. M. D. T., U. S. Office of 

Education, Washington, D. C. (Member of Council, 1938-41) .... 1917 
Armstrong, Edwin H., Professor of Electrical Engineering, Columbia 

University, New York City . 1937 

Armstrong, W. H., Instructor in Industrial Engineering, The Pennsyl¬ 
vania State College, State College, Pa. 1937 

Arnett, Lawrence C., Instructor in Electrical Engineering, Howard Uni¬ 
versity, Washington, D. C. . 1941 

Arnold, James E., Assistant Professor of Aeronautical Engineering, Uni¬ 
versity of Pittsburgh, Pittsburgh, Pa.. 1938 
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Arnold, J. X^orman, Assistant Professor of Engineering Drawing, Pur¬ 
due University, Lafayette, Ind. I 933 

Ashton, Merton E., Alumni Secretary, Norwich University, Northfield, 

Vt. 1940 

Atkinson, Frederick G., Lt. Col., Air Corps Hdq., Army Air Forces, 

Washington, D. C. I 937 

Atkinson, Margaret B., Assistant Professor of Engineering Drawing, 

Texas Technological College, Lubbock, Texas . 3937 

ATa'WOOD, Stephen S., l^ofessor of Electrical Engineering, University of 

Michigan, Ann Arbor, Mich. 1926 

Atwood, L. L., Professor and Head, Dept, of Language and History, 

Worcester Polytechnic Institute, Worcester, Mass. 1939 

Atbert, Brother, Assistant Professor of Civil Engineering, Manhattan 

College, New York City. 1935 

Auburn, Norman P,, Dean, Evening College, University of Cincinnati, 

Cincinnati, Ohio . 1942 

Aulich, Witold M., Professor of Mechanology, Polytechnic of Lwow, ul. 

Dunin-Borkowskich 2, Lavow, Poland . 1930 

Ault, E. Stanley, Professor of Machine Design, Purdue University, 

Lafayette, Ind. 1925 

Autknreith, George C., Professor and Chairman, Dept, of Drafting, Col¬ 
lege of the City of New York, New York City. 1927 

Ayer, Fred. E.,* Dean, (Jollege of Engineering and Commerce, UniA'crsity 

of Akron, Akron, O. (Member of Council, 19SS~S6.) . 1907 

Ayers, Joseph A., Associate Professor of English, University of Louis¬ 
ville, Louisville, Ky . 1939 

Ayers, Maurice T., Assistant I’rofessor of Ceneral Engineering, Hutgers 

University, New Brunswick, X. ,1. 1938 

Ayre, Robert S., Associate Mechanical Engineer, Naval Ordnance Lab., 


Ayre.s, Edmund D., Piofessor of Eloclrical Engineering, The Ohio State 

I'^niA'ersity, Columbus, Ohio . 1934 

Ayres, Quincy C., Commander U. S. N. R., Bureau of Yards and Docks, 

Washington, D. C. 1926 

Babbitt, Harold E., Professor of Sanitary Engineering, University of 

Illinois, Urbana, Ill. 1922 

Babcock, %Tohn B., Professor of Railway Engineering, Massachusetts In¬ 
stitute of Technology, Cambridge, Mass. 1923 

Babcock, M. M., Associate Professor of Industrial Engineering, Penn- 

syh’ania State College, State College, Pa. 1936 

H.accus, Irv B., Associate Professor of Electrical Engineering, Michigan 

State College, East Lansing, Mich. 1942 

Backer, IiESLIE H., Professor of Cliemistry, Stevens Institute of Tech¬ 
nology, Hoboken, N. J. 1930 

Backer, Louis B., Professor of Physics, Manhattan College, New York 

City . 1936 

Bacon, Binaldo A., Instructor in Mechanical Engineering, University of 

Texas, Austin, Texas . 1939 

Baqley, James W., Lecturer in Geography, Institute of Geographical 

Exploration, Harvard University, Cambridge, Mass.. .. 1942 

Baier, Louis A., Associate Professor of Naval Architecture and Marine 

Engineering, University of Michigan, Ann Arbor, Mich.1940 

Bailey, Benj. F., Professor and Hoad, Dept, of Electrical Engineering, 

University of Michigan, Ann Arbor, Mich. 1920 
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Bailey, Obakue K., Spuvialist, £. 8. M. W. T., U. 8. Office uf Education, 

Washington, D. 0. . 1942 

Bailey, Neil P., Bcsoareh Engineer, Besearch Lab., General Electric 

Co., Schenectady, N. T.^930 

Bailey, Wayland S., Assistant Professor of Mechanical Engineering, 

Northeastern University, Boston, Mass. 1937 

Bain, William A., Assistant Professor of Chemical Engineering, North 

Carolina State College, Baleigh, N. C. In military service. 1939 

Bainer, Roy, Associate Professor of Agricultural Engineering, Univer¬ 
sity of California, Davis, Calif. 1933 

Baker, Chester P., Professor and Chairman, Dept, of Chemical Engi¬ 
neering, Northeastern University, Boston, Mass. 1926 

Baker, E. Douglas, Associate Professor of Mathematics, Newark College 

of Engineering, New’ark, N. J. 1926 

Baker, Edward G., Associate Professor of Mathematics, Newark College 

of Engineering, Newark, N. J. 1934 

Baker, Edwin M., Professor of Chemical Engineering, University of 

Michigan, Ann Arbor, Mich..». 1937 

Baker, Ellis C,, Professor in charge. Dept, of Mechanical Engineering, 

Oklahoma A. & M. College, Stillwater, Okla.: 1925 

Baker, John B., Assistant Professor of Mechanical Engineering, Drexel 

Institute of Technology, Philadelphia, Pa. . . 1937 

Baker, Ralph D., A.S 80 ciate Profe.ssor of Mechanical Engineering, Uni¬ 
versity of Utah, Salt Lake City, Utah. 1940 

Baker, Ray P., Assistant Director, Rensselaer Polytechnic Institute, 

Troy, N. Y. 1919 

Baker, Samuel, Dean, Schools of Technology, International Correspond¬ 
ence Schools, Scranton, Pa. 1935 

Bakhmeteep, Boris A., Professor of Civil Engineering, Colutnbi.'i Uni¬ 
versity, New York City. 1937 

Balint, Anthony T., Assistant rrofes-sor of Technical Drawing, Illinois 

Institute of Technology, Cliicago, Ill. 1942 

Ball, Albert, Professor Emeritus, Cooper Union, New York, X. Y. ... 1908 
Ball, Theodore R., Associate Professor of Chemistry, Washington Uni¬ 
versity, St. Louis, Mo. 1930 

Bat.lard, Lyman J., Professor of Engineering and Physics, Webb Insti¬ 
tute of Naval Architecture, New York City.1939 

Balsbaugh, Jayson C., Associate Professor of Electric Production and 
Distribution, Massachusetts Institute of Technology, Cambridge, 

Mass. 1938 

Bancs, John R., Jr., Professor and Head, Dept, of Administrative Engi¬ 
neering, Cornell University, Ithaca, N. Y. 1932 

Banks, Charles W., Head, Department of Applied Science, Wenhvorth 

Institute, Boston, Mass. 1937 

Banmiller, Paetrus F., Registrar, Villanova College, Villanova, Pa.1941 

Bantel, E. C. H., Professor of Civil Engineering, Assistant Dean, Uni¬ 
versity of Texas, Austin, Texas . 1925 

Barber, William J., Assistant Professor of Mechanical Engineering, 

Virginia Polytechnic Institute, Blacksburg, Va.1937 

Barclay, Leland, Assistant Professor of Civil Engineering, University 

of Texas, Austin, Texas. 1938 

Bardsley, Clarence E., Engineer, Flood Control, U. S. Corps Army 

Engineers, Pittsburgh, Pa. 1937 

Barker, Charles L., Assistant Professor of Hydraulic Engineering, 

Washington State College, Pullman, Wash. 1928 
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Babkee, George J., Asaociate Professor of Mining and Metallurgy, Uni* 

versity of Wisconsin, Madison, Wis. 1935 

Babkeb, Joseph W., Dean, Faculty of Fngineering, Columbia Unirersity, 

New York, N. Y. (Member of Council, 19S5-8.) . 1926 

Bablow, IIowabo W., Professor and Head, Dept, of Aeronautical Fngi- 

noering, A. & M. College of Texas, College Station, Texas. 1940 

Barlow, Poland W,, Director of Public Belations, Industrial Training 

Institute, 2154 Lawrence Ave., Chicago, Ill. ..1939 

Barnard, Niles H., Associate Professor of Mechanical Engineering, Uni* 

versity of Nebraska, Lincoln, Ncbr. 1930 

Barnard, W. N., Director, Sibley School of Mechanical Engineering, Cor¬ 
nell University, Ithaca, N. Y. (Member of Council, 19SS-6.) .1910 

Barnes, F. A., Professor of Hailroad Engineering, Cornell University, 

Ithaca, N. Y. 1904 

Barnes, Georgs E., Professor of Hydraulic and Sanitary Engineering, 

Head, Dept, of Civil Engineering, Case School of Applied Science, 

Cleveland, Ohio .1933 

Barnes, John L., Chairman, Dept, of Mathematics, Tufts College, Med¬ 
ford, Mass. (On leave, with Bell Tel. Labs., N. Y. C.) . 1938 

Barnes, John S., College Eepresentative, John Wiley & Sons, Inc., 440 

Fourth Ave., New York City . 1940 

Barnes, Ealph M., Professor of Industrial Engineering, Director of 

Personnel, State University of Iowa, Iowa City, Iowa. 1929 

Barnes, Wilson B., Instructor in Chemical Engineering, University of 

Louisville, Louisville, Ky. 1939 

Barnwell, George W., Professor of Production Practice, Stevens Insti¬ 
tute of Technology, Hoboken, N. J. 1932 

Barrett, Edward C., Technologist, The National Bureau of Standards, 

Washington, D. C. . 1938 

Barrett, Sampson E., Assistant Dean in charge of Evening Division; 
Professor of Electrical Engineering, New York University, New York 

City . 1928 

Barrie, John G., Assistant Professor of Mechanical Engineering, New 

York University, New York City. 1938 

Barrows, H. K., Consulting Engineer, 6 Beacon St., Boston, Mass. 1902 

Barrows, W. E., Jr., Professor of Electrical Engineering, University of 

Maine, Orono, Me. 1908 

Barbt, John G., Instructor in Electrical Engineering, Princeton Univer¬ 
sity, Princeton, N. J. 1941 

Bartlam, Edward B., Principal, Ceylon Technical Schools, Colombo, 

Ceylon . 1937 

Bartlett, Grady W., Assistant Professor of Physics, North Carolina 

State College, Baleigh, N. C. 1937 

Bartlett, Howard B., Head, Dept, of English and History, Massachusetts 

Institute of Technology, Cambridge, Mass. 1939 

Bartlett, B. S., Researcher in Engineering Education, Newark College of 

Engineering, Newark, N. J. In military service.. 1941 

Barton, Millard V., Professor of Aeronautical Engineering, University 

of Texas, Austin, Texas . 1939 

Bartow, Edward, Professor and Head, Department of Chemistry and 

Chemical Engineering, State University of Iowa, Iowa City, la.1921 

Basore, Cleburne A., Professor of Chemical Engineering, Assistant Di¬ 
rector, Engineering Experiment Station, Alabama Polytechnic Insti¬ 
tute, Auburn, Ala. 1938 
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Bass, Fkedekk;, Chairmaa, Department of Civil Engineering, University 

of Minnesota, Minneapolis, Minn. {Member of Council 1918-81,) .. 1908 
Bass, Lawbence W., Director, New England Industrial Bosearch Foun¬ 
dation, Inc., 137 Newbury St., Boston, Mass. 1942 

Bateman, Georoe P., Dean, Schools of Engineering, Professor of Me¬ 
chanical Engineering, The Cooper Union, New York City. 1925 

Bates, Herbert T., Instructor in Chemical Engineering, Case School of 

Applied Science, Cleveland, Ohio . 1941 

Bauer, Edwarb E., Assistant Professor of Civil Engineering, University 

of Illinois, Urbana, Ill. 1936 

Bauer, F. S., Professor and Head, Dept, of Engineering Drawing and 

Machine Design, University of Colorado, Boulder, Colo. 1914 

Bauer, George C., Chief Engineer, Curtiss Wright Technical Institute, 

Glendale, Calif. 1941 

Bauer, John V., Instructor in Civil Plnginecring, College of the City of 

New York, New York City. 1940 

Bauer, Wm. M., Professor and Head, Dept, of Electrical Engineering, 

University of South Carolina, Columbia, S. C. 193.1 

Baum, Harry, Professor of Electrical Engineering, College of* the City 

of New York, New York City.. 1927 

Baumoarten, William L., Assistant Professor of Architecture, North 

Carolina State College, Baleigh, N. C. 1940 

Baumiester, Theodore, .Tr., Professor and Executive OtBceri Dept, of 

Mechanical Engineering, Columbia University, New York City. 1935 

Bai^wens, George O.. Assistant Professor of Civil Engineering, University 

of Southern California, Los Angelos, Calif. 1941 

Baxter, Charles H., Professor and Head, Dept, of Civil and Mining 

Engineering, Michigan College of M. & T., Houghton, Mich. 1935 . 

Baxter, Bobert A., Associate Professor of Chemistry and Gas Engi¬ 
neering, Colorado School of Mines, Golden, Colo. 1925 

Bayless, W, A., Technical Editor, United Aircraft Corp., Stratford, 

Conn. 1938 

Beach, George B., Assistant Manager of Service, Bcmingtoii Arms Co., 

Bridgeport, Conn. 1939 

Beach, Robin, Professor and Head, Dept, of Electrical Engineering, The 

Polytechnic Institute of Brooklyn, Brooklyn, N. Y. 1917 

Beal, George M., Professor of Architecture, University of Kansas, Law¬ 
rence, Kansas. In military service . 1935 

Beal, Robert W., Instructor in Theoretical and Applied Mechanics, Iowa 

State College, Ames, Iowa. In military service . 1937 

Beam, Robert E., Assistant Professor of Electrical Ei»gin<‘ering, North¬ 
western University, Evanston, Ill. 1942 

Beatty, Feed B., Associate Professor of Electrical Engineering, Colorado 

State College, Fort Collins, Colo. 1936 

Beatty, H. Russell, Head, Dept, of Industrial Management, Pratt In¬ 
stitute, Brooklyn, N. Y. 1937 

Beaver, J. L., Professor and Acting Head, Dept, of Electrical Engineer¬ 
ing, Lehigh University, Bethlehem, Pa. 1914 

Bebie, Jules, Professor of Chemical Technology, Washington University, 

St. Louis, Mo. 1936 

Bechtold, Carl W., Instructor in Mechanics, University of Alabama, 

Tuscaloosa, Ala.1941 

Beck, Lester £., Associate Professor of Electrical Engineering, Purdue 

University, Lafayette, Ind. 1931 
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Beckeb, Sylvakus a.) Associate Professor of Civil Bngineering, Lehigb 

University, Bethlehem, Pa.1933 

Beckee, W. M., 332 3d St., Barberton, Ohio . 1939 

Beese, Charles W., Professor of Industrial Engineering, Head, Dept, of 

General Engineering, Purdue University, Lafayette, Ind.1938 

Begeman, Myron L., Professor of Mechanical Engineering, Supt. Engi> 
neering Shops, University of Texas, Austin, Texas. In military 

service . 1937 

Begq, Robert B. II., Professor of Civil Engineeiing, Virginia Polytechnic 

Institute, Blacksburg, Va.1927 

Beubens, Robert G., Manager, College Dept., Associated Technical Pub¬ 
lications, 1555 W. 79th Street, Chicago, III.1935 
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.Moench, II. A., Aaat.P.E.E. 
Plielps, J. M., Adm.Goun. 
Prentice, D. B., Prea. 

Stock. O. L., P.Dr.dDea.Q. 
Straw, J. A., Inat.Math. 

Strong, R. K., P.t'h.dGh.E. 
White, .John, Em.P.Ch.K. 

Wi sell Ill c.ver, Carl, V .P.dP.M .E. 

Yiilpiiriliso 
:\Icnill Mlg. Co. 

Cushman, P. A., Mct.d't'vaI.Eng. 

Valpiiraiao Iiiit%-crNlt.v 
Mallory, I). 1>.. P.E. 

Moody, 11. W., P.G.E. 

Whittiig 

.Stiiiidard till Co. 

Schaffuer. U. M., OhE, 


lUU'A 

Amea 

Iowa State t'ollegc 

Agg, I’. It., Dean 
Ahlqulst, It, W., Aaat.P.E.E. 

Anderson, 11. W.. P.E.E. 

Arm, I). L.. P.dH.M.E. 

Ayers, Q. C., Aaanv.P.Ag.E.dPat .Mgr 
Beal. R. W.. Inat.T.dA.M. 

Berkel, II. .1., Inat.V.E. 

Boast, W. B., iaat.P.E.E. 
Breckenrldge, It. W., Aaai.P.M.E. 
Brown, L. T., Aaaoc.P.M.E. 

Cassell, W. L,. P.E.E. 

Caughey, R. A.. P.St.E. 

Chamberlin, S. J., Aaat.P.T.dA.M. 
Cleghorn. M. P.. P.dH.M.E. 

Coovor, M. S., P.dl/.E.E. 

Dana, F. C., P.Gen.E. 

Davidson, J. B.. P.dU.Ag.E. 

Dodd, C. M„ P.dH.Cer.E. 

Dodds, J. S.. P.G.E. 

Dongherty, C. R.,lnat,Dr.'* 

Fish, F. A.. P.E.E. 

Fitch, W. C., Inat.Dr. 
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Fuller, A. U., P.C.E. 

Gllkey, H. J., P.dH.T.dAM. 
Ilempetead, J. C., .i.aaoe.P.Qen.E. 
HlRdon, R. A.. Aaat.P.T AA.M. 
Hlllyard, L. R., AaaLP.Oen.E. 
Hummel, J. Q., Aaaoc.P.M.E. 
Johnson, B. C., Inat.Dr. 

Kerekes, F.. P.St.E. 

Kimball. A. H.. P.dIf.Arch.E. 
King, D. H., Inat.O.E. 

Ligbtbum, P. E., Aa 800 .P.T.dA.M. 
Marston, Anson. Em.D. 

Martin, II. R., Inat.Dr. 
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Stoever, H. ,1., Aaaoc.P.M.E. 
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Winfrey, R.. Aa 80 C.P.C.E. 
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Barnes, K. M., P.I.E. ;Dir.Pcr. 
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Looney, C. T. G., Aaat.P.C.E. 
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Reed, H. R., Aaaoc.P.E.E. 
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Russ, J. M., Aaaoc.P.Dr. 

Stewart, O. W.. P.dH.Phpa. 

Ware, L. A., Aaaoc.P.E.E. 
Waterman. E. L.. P.8.E. 

Wetzel, I. T.. A8at.P.M.E. 


Mount Ternon 
Cornell College 

Davis, W. M., Aaat.P.M.E. 


Sioux city 
Momingside College 

Gwinn. 1. J., Aaat.P.Phya. 


KANSAS 

Hays 

Ft. Hays State College 
Colyer, E. B.. P.dn.Math. 
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Ambroslus, E, K., Aaaoc.P.AU.M.E. 
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Boyce, B., P.8.E. 

Bradshaw, G. W., Aaaoo.P.C.E. 
Brown, F. L., P.Mech. 
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Haney. P, D.. AaaLP.a.E. 
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Hood, G. J., P.Dr. 
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Young, C. M., P.Min.dMet.E. 
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Conrad. L. B., P.dH.O.E. 
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Fllnner, A. O., Aaat.P.M.E. 
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Gingrich, R. F., Aaaoc.P.Dr. 

Greene, J. W., P.dll.Ch.E. 
Helander, Linn, P.dH.M.E. 

Hunt, O. D,. Aaaoc.P.E.E. 

Jones, E. C,, Aaat.P.ShopPrac. 
Jorgenson, L. M., Aaaoc.P.E.E. 
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Kloeffler. R. G.. P.dH.E.E. 
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Morke, R. P., Aaaoo.P.C.E. 
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Pearce, C. E., P.dH.M.Dea. 
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Scholar, C. H., P.Mech. 

Seaton, R. A., Dean 
Sellers, O. A.. P.Met. 
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Site, B. L., Aaaoc.P.E.E. 
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Southwestern College 
Albright, P. S., P.Phya. 


KENTUCKY 
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Uouchens. J. M., Coord. 
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Williams, O. C.. Aasoc.P.Ch.E 


I.OUISIANA 
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liOutalann Institute 

Hnghes, G. G., Dean 
Klndlg, C. H., P.C.E. 

Mason, H. R., P.E.E. 

Mnndevlllc 

Anderson, D. R., Em.Dean 

New Orleans 
Tulane University 

Dunlap, A. L.. Aaaoe.P.M.E. 
Elliott. D. S., P.Phya. 

Fox. F. II.. Aaanr.P.C.E. 

Hansen, H. J., Jnat.Exp.E. 

Hill, A. AI.. .Aaaoe.P.M.E. 
Mayer, J. K., .Aaaoc.P.AJI.Ex.E. 
Norris. C. B., Aaat.P.E.E. 
Pollard, J. J., Jnat.Dr.dGcn.E. 
Ricker. C, W.. P.dH.E.E. 
Robert, J. M., Dean 
Scofield, W. F., Znat.a.E. 
Stephan, E. R. Aaat.P.M.E. 
Taylor, F. M., Aaat.P.rh.E. 


Buston 

Ea. Polytechnic Institute 
Bogard, B. T.. Aaat.P.M.E. 

PoPk, J. T., Aaaoe.P.M.E. 
McFarland. R. A.. P.C.E. 

Mitchell, W. L.. DeandP.M.E. 
Nethen, 11. J., P.dH.E.E. 

Resauins. R. T., Dean 
Watts, C. T., Aaat.P.C.E. 

Scotlandvllte 
Southern University 

Daniels, W. T., Dir.Mech.Arts 

Unlversit.v 

State University of Uouislana 

Coates, J., Aast.P.Ch.E. 

Cook, R. M., Aaat.P.Mech. 

Cooper, L. L., P.dll.Dr. 

Cox, G. N., P.Mech.dUyd. 

Craft, B. C., P.dH.Pet.E. 

1)1x011, I). P., P.Dr. 

Horton, P. M., P.dlJ.ChiE. 

Lassalle, L. ,1.. DeandP.Mceh. 
Mntthes, G. E., Aaaoe.P.M.E. 

Plllet, F. F.. P.C.E. 

Simon, G. H., Aaaoe.P.M.E. 
Voorhles, M. B.. P.E.E. 

Waterfall. H. W., Aaat.D.P.dll.M.K. 
Whipple. W., P.Et.E. 


MAINE 

Orono 

UHlverHlt.v of Maine 
Barrows, W. E.. P.E.E. 

Bennett, C. E., P.dll.Phya. 
Bennett, 10. F., Aaat.P.O.E. 

Bliss, W. II.. Aaat.P.E.E. 
Itoardnmu, II. S., Prea.Em. 
Brndt, W. E.. P.dll.Ch.dVh.E. 
Braiitlecht, C. A.. P.rh.dCh.E. 
Brewer, E. L., Inat.Chem. 

Cloke. Paul, Dean 
Crabtree, K. G., Aaat.P.M.E. 
Creamer, W. J., P.E.E. 

Douglass. I. B., Aaaoc.P.Chrm. 
Evans, W. R., P.dU.C.E. 

HIM. A S . P.E.E. 

Kent, B, C.. P.Dr. 

Lekberg, H. P.. Jnat.M.E. 
McNeary, M., Inat.Dr. 

Pragemnn. I. H.. Aaaoc P.M.E. 
Ryekmun, S. ,1., Tnat.C.K. 
Sawyer, R. A., Aaat.P.Dr. 
Scamman, W. F., Aaaoc.P.Engl. 
Taylor, P. M., Inat.C.E. 

Willson. H. I).. P.M.E. 

Wilson, N. E., Inat.E.E. 

Watervllle 

Colby College 

Wheeler, N. B.. P.Phya. 


MARYLAND 

Annapolis 

U. 8. Naval Academy 
Gra.y. .T. C.. P.rhem. 
Hydcman, W. R., Inat. 
Kavanaugh. D., P.M.E. 

Kells, Ij. M., A.aaoc.P.Malt^ 
Kiefer, P. J., P.M.E. 

Root, R. E., P.Math.dMeeh. 
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Terwllliuor, C. O.. P.dll.E.E. 

Turner, H. C., E.E. 

Weems, P. V., Lt. Comdr. 

Italtimore 

Merrick, C. M., Glenn Martin Co. 
Walls. J. A., Pa. Water & Power O 
Pres. 

tlolins Hopkins University 
Christie, A. G., P.M.E. 

Geyer, J. C., Assoc.V.E, 
Kouwoiihoven. W. R., DeatufP.E.E. 
Potter, J. H., Inst.M.E, 

Pullen. M. W.. Assor.E.E. 

Thompson, J. T., P.C.E. 

Widnian, Al)c«l, P.S.E. 

Collea-e Park 
University of Muryltind 
Allen, R. It.. Asane.P C.E. 

Corcoran, G. P., P All.E.E, 

Creese, M.. P.E.E. 

Green. W. P.. Assnc.P.Af.E. 
liehrnnk. E. F., Inst.M.E. 

TIotlKlns, Ii. .1., Aaaov.P.E.E. 

IlucUert. J. W., Assoc.P.M.E. 
Rt«'inberjf. S. S.. Pear, 

Younger. J. K., P.dH.M.M. 

Easton 

Tilghmnn, IT., Oounselor.at-Latr 

Sparrows Point 
Itethiehein Steel Co. 

Lane, D. P., Enp.Apprcn. 


MASSACHUSETTS 

Amherst 

Mnssaeliiisetts State College 
Maratou, G. A., Asst.P.C.E. 

Rolmoiit 

Senior High Srhool 

Bettencourt, W., Dir.M.Dr. 


JLlnroln Technical liistUate 
Lees, J. W„ Dean 

Northeastern University 

Alexander, W. T., Asst.P.I.E, 
Bailey, W. S., Asst.P.M.E. 
Baker, C. P., P.AH.Vh.E. 
Cleveland, L. P., Assoc.P.E.E. 
Coolldge, J. A. P.PhjiH. 

Devine, .1. J., Asst.P.Dr. 

Ell, Carl S., President 
Essigmnnn, M. W.. Inst.E.E. 
Everett, A. B., Voord. 

Perrettl, A. .1., P.M.E. 
Granislorff. B. A.. P.AH.C.E. 
Grunoiig, W. L., Inst.I.E. 
Ha.skins, E. B., Assoc P.Math. 
Henderson, P. R., Asst.P.I.E. 
Johnson, C. D., Asst.P.Phys. 
Lake, W. S., P.Eco.i&Dcan 
Melvin, il, W.. UeandP.Engl. 
Mes«Tve, G. II., Aasoo.P.Dr. 
Morgan, J, C., Coord. 
Muekeiihoupt, C. P., P.dll.Phl/S. 
Niglitingnie, W. K., Dir.Coop. 
Porter, U. G.. P.dll.E.E. 
Pugsley, J. It., Hcg.AP.Geol. 
ICleliards, II. E., .Assoc.P.E.E. 
Spear, Jos., P.dll.Math. 

Stearns, P A., Assoc.P.M.E. 
Towle, G. W., Assoc.P.Coord. 
Tozer, B. P., P.dll.Dr. 

White, Myra, Lib. 

W'hlte, W. C., Dean 
Whittaker, A. B., Asst.P.M.E. 
Wolowlez, C. n.. Inst.M.E. 
Zeller, J. W., P.dll.M.E. 
Zuffanti, S., Asst.P.Ch. 

U. S. Diesel Eng. Sehool 
Iluckle, M. S., Pres. 

Wentworth Institute 

Banks, C. W.. P.dll.Ap.Sci 
Edwards, W. W., P.dH.HteamE. 
Kingman. B, D.. P.dJI.Meoh. 
Knight, R. M., In at.Math. 
Knowles, M. G.. Inat.Ap.8ci. 
Rice, IT. S.. Int.Math. 

Toporeck, E. U., Inst.M.Iir. 
Tudhury, C. W., P.dll.Math. 
Willson. P. G., P.dH.Ap.Elec. 


Boston 


Cambridge 


Barrows, H. K., C Beacon St., Cons. 
Eng. 

Bass, L. W., N. E. Indus. Res. Pound.. 
Dir. 

Cole, R. W., Stone & Webster Co., Dr. 
Dahl. G. C., Jackson & Moreland Co.. 
Eng. 

Keith. W. E.. New England T. & T. 

Co.. Asst.toV.P. 

Main, C. T., Main Co., Pres. 

Moyer, J. A., Mass. Dept, of Educa¬ 
tion. Dir. 

Temple, E. IT.. Mechanic Arts High 
Sehool. Inst.Dr. 

Vaeha. Prod, Holtzer Cabot Elec. Co., 
nei\ Ena. 

Whipple, G. P., Ponder Inst., Ed. Dir. 

Boston College 

Gager, F, M., Aasoo.P.Phys. 

Franklin Union 

Adams, R. G. 

Rnssell, J. J., Il.Ohem. 

Tborogood, B. K., Dir. 


Wilson, P. W., Wilson Eng. Corp., Pres. 
Harvard University 

Bagley, .1. W., Lect.Oeog. 

Berry. C. IL. P.M.E. 

Casugrande, A.. Assoc.P.C.E. 

Coblne, J, D., Asst.P.E.E. 

Dawes. C. L., Assoc.P.E.E. 

Fair, G. M.. P.S.E. 

Haertlein, A., P.C.E. 
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Westergaard, H. M., DeandP.C.E. 


Mussnehiisetts Institute of Technology 


Adams, D. P., Innt.Or. 

Babcock. J. B.. P.R.E. 

Balshnugh. J. C.. Assoc.P.EI.Prnd.dDis. 
Bartlett. H. R.. P.dH.Engl.dniat. 
Bennett. R, D,. P.Ki.Mras. 

Bnw'les. B. L.. P.EI.Com, 

Breed. C. B.. P.dff.O.dS.E. 
Buckingham. E.. P.M.E. 
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Lewis, W. K., P.Ch.E. 
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Taylor, D. W., Aaaoc.P.BoilMech. 
Thresher. B, A.. Dir.Ad.dAaaoc.P.Ed. 
Tlmbie. W. H.. P.E.E.AInd.Prac. 
Townsend, A. L., Aaaoe.P.M.E. 
Tucker, C. E., P.E.l]. 

Voss, W. C., P.Ali.Bldg.Conat. 

Wilbur, J. B., Aaaoc.P.C.E. 

Wildes, K. L.. Aaaoc.P.E.E. 

Wood, .T. A., Aaat.P.E.E. 

Zeldin. S. D., Aaat.P.Math. 


Dedham 

Wllllston, A. L„ Em.Dir. 

Hynnnis 

School of Science 

Miller, W. B., Director 

Lynn 

General Electric Co. 

Rohr, E. K. 


Medford 

Tufts College 

Barnes, J. L., Ch.Moth. 
Burden. H. P., D.dP.a.E. 
Chase, C. H., P.SteamE.Em. 
Crabtree, F. H., Aaat.P.E.E. 
Farnhain, W. B., P.Dr. 
Fisher, D. A., Aaat.P.M.E. 
Harrington, K. L., lhat.M.E. 
Holniherg, C. II., Aaat.P.E.E. 
Howell. A. H., Ch.E.E. 
Lefuvour, R. W., Aaat.P.C.E. 
Leighton, A. W., Aaaoc.P.Ur. 
Littleton, E. F., Aaat.P.C.E. 
MacNanghton, E., P.M.E. 
Othuier, M. E„ Aaattc.P.Vh.E. 
Rollins, E. B., P.E.E. 

Smith, O. J., Inat.E.E. 

Smith. R. A.. Inat.M.E. 
Weaver, P. N., P.C.E. 
Webster, F. N., lnat.M.K. 

Quinc,v ^ 

<|iilncy Trade School 
O Rourke. F. J., Inat. 


Walthnm 

Raytheon Mfg. Co. 
Stiefel, K. J. 


West Roxbnr.> 
Allen, C. Prank, Em.P. 


Worcester 

Worcester l*olytechnic Institute 

Adams, C. J., P.dH.Eng1. 

Adams, F. J., P.E.E. 

Allen. C. M., P.Hyd.E. 

Atwood, L. L., P.dH.Hiat.dLang. 
Brown, E. C., Aaat.P.Math. 
Chamberlain, J. B., Inat.M.E. 
Downing, I). O., Aaat.P.M.E.E. 
Dows. 11. W., P.M.E. 

Fllllon, S. H., Aaat.P.C.E. 

French, A. W., Em.P, 

Gay, U. J., P.Math. 

Graves, H. B., P.Ch.E. 

Holt. A. H., P.dH.C.E. 

Howe, J. W., Dean 
Knight, A. J., P.C.E. 

Kolb. R. P., P.U.P.E. 

Larson, C. W., Inat.M.E. 

Locke, W. W., Aaat.P.E.E. 
MacCuIlough, G. H., P.Mech. 
Maxfleld, H. A., Aaat.F.E.E. 
Mei'rlam, K. G., P.Mech. 

Meyer, C. F., P.O.E. 

Morgan, T. H,, P.dH.E.E. 

Morley, R. K., P.Math. 

Newell, H. H., P.E.E. 

Petrie, J. M., Aaat-P.Ch.E. 

Pierce, C. A., P.E.B. 

Rice. Harris, P.Math. 

Roys, F. W., D.JP.dH.M.E, 

Scheifley, C. K., Aaat.P.Lahg.dHiat. 
Schwleger. A. J., P.dH.Eo. 

Siegfried, Aaat.P.M.B. 

Staples, A. J., Aaat.P.U.E. 

Waltham Raythean Mfg. Co. 
Wellman, B. 1^ Aaat.P.M.^ 
Whenman, J. H., Aaat.P.M!W. 

Wilson, E. D., P.dH.Ohe.m.dCh.E. 
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Allcltlvan 


MICHIGAN 
Ann Arbor 

UnlTorslty of Michigan 

Adams, H. C., Aa$t.P.Kav.Aroh. 
Attwood, S. S., P.H.E. 

Baler, L. A., Aaaoo.P.yav.Aroh.AMar. 
E. 

Bailey, B. F., P.AU.E.B. 

Baker, B. M., P.Vh.E. 

Boston, O. W., P.dDtr.Met.Proc. 
Boucbard, Harry, Aaaoc.P.Oeud.dfOtr. 
Bowman, D. O., Inat.Eco. 

Bragg, E. M., P.Kav.Arch. 

Brandt, C. G., P.dll.Engl. 

Brater, E. F., Aaat.P.r.E. 

Brown, G, G., P.dll.Ch.E. 

Bukovsky, P. N., Aaat.PMeeh.dDr. 
Burkland, C. E., P.Kngl. 

Bursley, J. A.. DeandP.M.E. 

Calhoon, F. N., Aaat.P.M.W. 

Gannon. .1. 11., P.E.li. 

Carey, C. O., Aaaoo.P.C.E. 

Conlon, E. W., Aaaw.P.Aer.E. 

Cooley, M. E., Em.Dean;Cona.Kng. 
Crawford, I. C., Dean ;P.O.E. 

Dodge, It. A., P.Mech. 

Dow, W. O., Aaaoc.P.E.E. 

Emery, K. G., FelLE.K. 

Emmons, \V. J., Aaaoo.P.Ugh.E. 
Erlksen, B. L., P.Mech. 

Everett, F. L., Aaat.P.Meoh. 

Finch, F. K., Aaaoc.P.Meeh.dDr. 
Gilbert, W. W., Aaaoc.P.Met.Proc. 
Gram, L. M,. P.C.E. 

Hawley, R, .S., H.M.E. 
lligble, II. II., P.E.B. 

Ifoad, W. C.. P.O.E. 

Holland, L. N.. Aaat.P.E.E. 
llousel, W. S., Aaaoo.P.C.E. 

Keeler. H. B., P.M.E. 

Kohler, 11. L., Aaat.P.M.E. 

Kuethe, A. M., Aaaoo.P.Aero.E. 
r,ny. W. B.. P..V.E. 

Liddicoat, R. T., Aaat.P.Meoh. 

Lloyd, 11. R., Aaaoa.P.M.E. 

Lovell, A. H., Aaat.Dean ;Sco. ;P.E.n. 
Marin, A., Aaaoo.P.M.E. 

Mangh. 1., C., Aaat.P.C.E. 

McFarlau, 11. T., Aaat.P.C.E. 

Miller, H. W., P.Meeh.dDr. 

Moore, A. D., P.E.E. 

Morrison, R. L.. P.Hgh.E. 

Nlckelsen, J. M., P.M.E. 

Olmsted, C. F., Aaaoe.P.Meoh. 

Ormondroyd. P.Mech. 

Pettyjohn, E. S., Aaaoo.P.Oh.E. 

Porter, R. C., Aaat.P.H-P.E. 

RIegel, ,T. W., P.I.Rel. 

.Sadler. W. C., Aaaoo.P.C.E. 
Sehncldewlnd, R., Aaaoo.P.Ch.dMet. 
Schwartz, F. L., Aaat.P.M.E. 

Sherlock. R. H.. P.C.E. 

Smith, F. n., Aaat.P,Dr. 

.Splndler, W. A.. Aaat.P.Met.Proc. 
Stalker. B. A., P.dH.Aer. 

.Stont, Bl. B., Aaaoo,P.E.E. 

Thornton, J. B., Aaaoo.P.Engt. 
ITpthegrove. C.. P.Met.B. 

Van den Broek, J, A., P.Mech. 
Vincent, B. T., P.M.E. 

Watson, H. J.. Aaat.P.M.E. 

White, A. B., P.Mot.E.J>tr. 

White, A. H., P.Ch.B. 

Worley. .T. S.. P.Trana.E. 

Toung, B., Aaat.P.C.B. 

Bay City 


Beurboru 
Ford liidUHtrlal Schools 
Searle, F. B., 8 upt. 


Detroit 

Hall, C. A., Ethyl Corp. 

Meade, K. A., Gen. Motors Curp., Dir. 
Ed.Tr. 

Swartz, B. K., Edison C., Eup.Per, 
Bea, 

Chrysler Institute of Engineering 
Caton, .1. .1., Director 

Detroit Institute of Technology 
Winn, C. C., Dean 

Lawrence Institute of Technology 
Brewlngton, O. 1’., P.dU.Phya. 
University of Detroit 

Blakesice, B. N., P.Arch.E. 

Blakeslce, L. K., Aaat.P.Arch.E 
Blenkush, 1*. G., Inat.Aero. 

Chaderloii, J. C., inat.C.E. 

Dowling, E. Inat.U. 

Duucouibe, C. G., P.dH.Ch.E. 

Floyd, C.. tnat.M.E. 

Freund, C. J., Dean 
Oerardl, .1., Dlr.Dr. 

Godfrey, W. P., Aaat.P.Engl. 

GudebskI, 11. C., Inat.Met. 

Hanson, T. C.. Aaat.P.C.E. 

Higgins, G. J.. Aaaoc.P.Avr.E. 

Hoffman, P. C., tnat.Dr. 

Johnson, R. R., Ind.Codrd. 

Judson, W. .1., Inat.Dr. 

LIngetnan, (’. A., Inat.Engl. 
Linsenniivver. F. J., DIr.M.E. 

Markle, G. E., Inat.Math. 

Mayrose, II. E., P.Mech. 

I’leraon, W. N., Inat.Ch.E. 

Rosella, B. G., Inat.Arch.E. 

Satullo, A. K., Inat.E.E. 

Tweney, G. H., Inat.Aero. 

Uicker, J. .1,, tnat.M.E. 

Warner, H. O., P.dft.E.E. 

tVnyne University 

Alllasoii, A. R., P.dll.E.E. 

Borgman, W. M., A aat.P.Math. 

Carr, A. R., Dean 
Hess, H. M., Aaat.P.E.E. 

Lindeman, M. F., Aaat.P.C.E. 

Nelson. A. L.. P.dH.Malh. 

Newton, D., Aaaoc.P.dII.C.E. 

Northrup, R. T.. P.dlt.Dr. 

Osborne, D. S., Inat.Eng. 

Perkins, D. L., P.dJI.M.E. 

Schoonover, R. H., P.Mech. 

East Lansing 

.Hicliignn State College 

Allen, Chester, P.dn.C.E. 

Baccus, I. B., Aaaoc.P.E.E. 

Brattlii, C. L., P.dn.Dr. 

Cade. C. M.. P.C.E. 

Campbell, .T, M., .Aaat.P. 

Champion. R. L., Jnat.Dr. 

Cockrell, W, L., Aaai.P.M.E. 

Com. M. M.. P.E.E. 

DeWltt, C. C., P.Ch.dCh.E. 

Dirks, H. B.. Dean 
Fairbanks, O. Aaaoe.P.Dr. 

Foltz, L. S.f P.dM.E.E. 


Culver, B. 0. 
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MiBHiBalppl 


Gaffney, B. J., InatX'h.Ii. 

Gibson, R. 

Gower, A. II., Aaat.P.Ch.Ii. 

Hitchcock, W. W., AHat.F.G.E. 
Kinney, B. E., Aaaoc.P.K.E. 

Lariun, M. G., Aaaoc.P.Ch.E. 

Ludt, R. W., Aaat.P.rh.U. 

McGrady, D. D., Aaat.P.Ch.E. 
McKlbben, E. G., P.dJI.Ag.E. 

Miller, C. A., Aaat.P.G.E. 

Miller, L, G., P.dI!.M.E. 

Oden, E. 0., Aaat.P.Gh.E. 

Plant, L. C., P.dJI.Math. 

Pratt, O. M., Aaat.P.nr. 

Price, L. C., AHanc.PM.E. 

Radford, S. ,S., Inat.Dr. 

Reullng, W. E., Aaanc.P.M.E. 

Rix, C. N., Aaaoo.P.M.E. 

Robertson. ,1. E., Aaat P.Dr. 

Stewart, E. H., Aaat.P.Dr. 

Theroux, F. R., Aaaoc.P.G.E. 

Flint 

General Motors Inst. Tech. 

Brown, C. A., P.dll.Engl. 

Robey, Albert, Dir. 

Spahr, R. 11., Dir.Gnr. 

Grand Bapids 
Junior College 

White, R. A., P.AII.Eng. 

Ilouglitoii 

.Miohigaji College of M. & T. 

Baxter, C. H., P.dH.G.&Min.E.AEr 
Carson, C. M., P.dH.ch.ACh.H. 
Cnrtland, F. W., Aaat.P.E.E. 

Dlllinan, G. C., Prealilent 
Drier, R. W., Aaaoc.P.Met. 

Eddy, C. T., Aaanc.P.Met. 

Fisher. .Tiinies, Ttran 
Knaehel, C. 11., Aaat.P.Mnth. 

Larsen, M. .T., Aaat.P.E.E. 

Macbwart, G. M.. Aaat.P.Ch.E. 
Manderfleld. N. II., P.Mrt. 

Partlo, F. L., Aaaoe.P.Math.dPhya. 
Polkinghorne. W. C., Aaaoc.P.G.E. 
Rlsteen, II. W., Aaaoo.P.M.E. 

Rose, L. A., P.AH.Lang. 

Russell, C., Aaaoc.P.E.E. 

Swenson. G. W.. P.dtI.E.E. 

Wood, Ella L, P.dll.Geng.dTiang. 
Young, A. P., Aaaon.P.M.E. 

Jackson 

Foote, .T. TI.. OoininonweaMli & So. 
Corp., Sup.Eng. 

Muskegon 
Kaydon Eng. Co. 

Ilaga, Tj. .T., Met. 


MINNESOTA 

Ouluth 

Junior College 

Slrnno, A. ,1.. Inal.dll.Math. 

Minneapolis 

University of Minnesota 
Akerman, J. D., P.dTT.Aer.E. 
Algren, A. B., A 8800 .P.M.B. 
Andersen, Paul. Aaat.P.fltr.E. 
Bass, Fred. P.dJI.O.E. 


Boon, Leonard, Aaat.P.G.E. 

Boss, Wm.. Etner.P. 

Brlnker, R. C., Aaat.P.Str.E. 

Brooke, W. K., P.dtI.Math.Mech.Dr. 
Bryant, .1. M., P.dU.E.E. r 

Cnverley. L. C.. Aaat.P.E.E. 

Comstock, E. II., P.Min. 

Crowder, B. A., Inat. 

Cutler. A. S., P.Rly.E. 

Doeringsl’eld, II. A., Aaat.P.Math.d 
Mcch. 

DuPriest, .1. R., P.dlT.M.E. 

Eggers, II. C. T.. Aaaoc.P.Dr.dDca.a. 
Fillpcttl, G. P., P.Eo.dB.A. 

French. U. W.. P.Itr.dDra.G. 

Guthrie, L. O., Inat.Engl. 

Ilnrtlg, II. K., P.Com.E. 

Herrick. C. A., Aaaoc.P.Math.dMcrh 
Hollby, F., Aaat.P.M.E. 

.Tohiisori, E. W., Aaaoa.P.E.PotcrrE. 
Koeiike, C. A., Ad.lsst. 

Kniiliiiiin. ,1. II., .Aaaoc.P.Elrc.Dea. 
I<nita]a, E., Inat.M.E. 

Leliiiul, O. M., Dean of A<tm. 

Lind, S. C., Dean * 

Mann, C. A., P.dTI.Ch.E. 

Marteiils, ,1. V. S., Aaaoc.P.M.Dea. , 
Miller, F. E., Aaat.P.Math.dMech. 
Montlllon, G. II., P.Ch.E. 

Myer.s, II. 1)., Aaaoc.P.Dr.dDea.O. 
Palmer. II. K., Inat.M.E. 

Parker, W. H.. P.Min. 

Peterson, P. G. E., Inat.Mech. 

Potter, O. W., Aaat.P.Dr.dUea.a. 
Priester. G. C., P.Mat.Eng. 

Qua id, L. J , Inat.Dr.dDra.G. 

Itohertsoii, H. P.M.Eng. 

Rowley, F R.. P.dJl..\r.K. 

Schiiek, K. F . Aaat.P.Dr.dDe.a.G. 

Shoop, C. F., P.dll.Steam E. 

Straub, L. (1., P.Ilgil. 

Summers, K. E., Aaaoe.P.M.E. 

Todd, M. E., Aaat.P.L.Powe.rE. 

Zelner, O. S., Aaaoc.P.Sur. 

NortliHeld 
Car let on College 

Abbott, W. II., Aaaoc.P.Phiia. 

St. Paul 
University of Minnesota 
Roe. II. B., P.dll.Ag.E. 

Rchwnntes, A. ,1.. Chief,Ag.E. 

White, if. 11., Aaat.P.Ag.E. 


MISSISSIPPI 

State College 
Mtssisslppi State College 

Freeman, M. L., P.dll.Dr. 
Lucas, K. Ij., P..M.I:. 

McCain, D. M.. F.dll.C.E. 

Neal, II. P., Aaaoe.P.Eng.Dr. 
Patterson, L. L., Dean.dP.E.E. 
Phelps, G. O., Aaaoo.P.M.E. 
Slmrall, H. C., Aaat.P.E.E. 

University 
University of Mississippi 

Hargis, A, B„ Sup.Eng. ;P.G.E. 
Hume, Alfred. Act.Chan. 
.lohnsoti, Ii. II., DcandP.P.E. 
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Nevadii 


MISSOURI 

Columbia 

Univeriiity of MiMOiirl 

Burr, A. H., Asst.P.M.E, 

Coinina, H. D., Asat.P.C.E. 

Curtis, H, A., Dean 
Gillan, Q. K., Imt.c.E. 

Gray, E. S., Aaaoc.P.lI.E. 

Holmes, W. W., Inat.C.E. 

Lamb, J. P., Aaat.P.E.E. 

LaRuc, H. A., Aaaoc.P.C.?'. 

Lornh, .1. II., Assoc.P.Ch.E. 

Liiebbers, R. II., Asst.P.f'h.E. 

Porter, I). J., Asst.P.Ch.E. 

Kiihey, Harry, P.AJI.C.E. 

Valle, R. B., Asst.P.E.E. 

WaWollch, 1). L., AsHt-P.E.E. 

Wallis, C. M., Aasoc.P.E.E. 

Weinlmeh, M. P.. P.N.E. 

Wharlon, J. R., Assoc.P.M.E. 
Wiiiterkorn. II. P.. Assoc.P.Mcch. 
Wood, II. W.. P.C.E. 

Wooley, J. C.. P.Ag.E. 

Jefferson CK.v 
Jiiiipoin University 

Roberts, B. G,, AaHt.P.M..\.rts 

Kiinsaa City 

Doll, Theo., 4040 Westwood Rd., utr.hj 
Kolia 

Heliool of Mines & MetllurK.v 
Butler, ,1. B.. P.C.E. 

Carlton, K. W., P.Str.E. 

Conrad, P. II.. Assoc.P.t'h.E. 
CuiielaiKl, It. M., Lt.(‘ol.,UPiil.i'<nlir 
Prame, P. II., P.E.E. 

Liviiigood, ,M. D., Inst.Ch.E. 

Lovett, I. H., P.E.E. 

Mann, C. V., P.dll.Dr. 

Noble, G. W., Aaauc.P.Pet.E. 

Sehrenk, W. T.. P.AIl.Vh.AGh.E. 
Vandor Velde, T. L., Asst.P.S.E. 
Wilson, C. Id., Dean 

St. Louis 

Ilannaford, B. S.. A. T. & T. C< 
Staff Asst. 

Herrick. T. J., McDonnell Air. Cti. 
Short, It. L., Priti,.\8hlandSchool 
Shrove, D. It., McDonnell Air. Co. 
Slroky, E,, Curtiss-Wriprht Corp. 

IVashliiirton Unlversit.v 

Ball, T. It,, Assoc.P.<’h. 

Bcble, Jules, P.Ch.Tech. 

Berjfor, P. A., P.U.E. 

Bockhorst, R, W., Inst.Math. 

Bnist, A. W., Assoc.P.C.E. 

Biibb. F. W., P.Math. 

Buchan, A. M., Asst.P.Engt. 

Fischer, D. A., Inst.E.E. 

Pitch, A. E., Assoc.P.Arch.Cnns.* 
Glasgow, R. S., P.AH.E.E. 

Ilubler, J. W., Asat.P.C.E. 

Koenig. L. It.. Asst.P.Ch.dCh.E. 
Langsdorf, A. S., Dean 
Soger, B. R., tnst.M.E. 

Sw(>et8er, R. O., P.C.E. 

Van Omiim. J. L., Em.P. 

Van Wambeck, S. II., .Asst.P.E.E. 


MONTANA 

Boceman 

Montana State College 
Challender, R. T., P.Orn.E. 
CobJelgh, W. M., Act.Prea. 

Conk ling. L. D., P.C.E. 

Piedler, G. J., Assoc.P.E.E. 
Gibbs, R. E., P.dH.M.E. 

Good. M. R.. P.AH.I.E. 
Peterson, P. G. E., .Asat.P.C.E, 
Schilling. E. W., P.AH.E.E. 

Tnliman, W. D., P.Math. 

Butte 

Montana School of .Mines 
Thomson, P. A.. Pves. 

Havre 

Northern Montana College 
Pearce, P. W., .isat.P.Eng. 


NEUKASKA 

Lincoln 

Western Lllborutoril!^ 

Green, It. .M., Pres.AMyr. 

University of Nebraska 
Aakbtis, T.. Aaat.P.Dr 
Barnard, N. II., Aaaoc.P.M.E.E. 
Bengtson, N. A., Dean,,fr.l)iv. 
Bingham, L. A., .Aast.P.E.E. 

Brnekett. E. E. PAH.Ag.E. 

Brenke, W. C.. P.AU.Mnlh. 

Cecil, J. B.. Inat Mvch. 

Colbert, J. P.. .Aaaoc.P.Mich. 
DeBaul're. W. I,.. P.AU.Mcrh. 

Duff. C. M., P.Mcch. 

Edgecomb, R. E., Inst.Mcrh. 

Edison, O. E.. Asaoc.P.E.E. 

Kvinger, M. 1.. P.C.E. 

Ferguson, O. .1 . DcantfP E.E. 

Gnba, M. G.. P.Math. 

Gronc, E. A., .Xaaoc.P.Mith. 

Haney, J. W., P.&H.M.E. 

Ilarkness, D. II., .\sst C.C E 
Hollister. V. L,. P.E.E. 

Kesner. 11. J.. P.C.E. 

Ludwlekson. J. K., Tnst.M.E. 

Luebs, A, A.. Assoc.P M.E 
Marmo, B. .1., Asst.P.Mech. 

Miekey. C. E.. P.dll.C.E. 

Norris. P. W.. Assoc P E.E 
Paiistian, .1.. Inst.Mech. 

Richmond. R. F.. Asst.Test.I'. 

Rnnge. L. L., Asst.P.Math. 

Schramm. E. P.. P.ATI.ncol. 

Slnyraoker. P K.. P.M.Dcs. 

Smith. T. T.. P.Phifs. 

Welland, W P.. Assar.P 1/ /.’ 

Omnbn 

Lambert, I,. C., Telephone Co.. Asst. 
toPres. 

University of Omaha 
Kurta, J. W.. Head.Eng. 


NEVADA 

Reno 

University of Nevada 

Bixby, F. L., H.O.IS. 
(Carpenter, .1. A.. U1r.AP.Min. 



Nevada 
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New Jersey 


Palmer, S. U., D.dH.E,E. 
Sandorf, I. J., A%aoo.AP,E.E. 
Van Dyke, J. R.. A»»oo.P.U.B. 


SmW HARIPSHIRB 
Dover 

Induetrlal Reeearph Service 
Lavine, I., Sec.Treaa. 
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Armstrong, B. H., P.E.E. 

Bakhmeteff, B. A.. P.C.E. 

Barker. .T. W.. Dean 
Baumeistor, Theo., P.dH.M.E. 
Burmelstcr, D. M., Aaat.P.E.E. 

Buek.r, P. B., Aaane P Min. 

Church. .T. M.. Aaat.P.Ch.E. 

Curry, W. A., Aaaoc.P.E.E. 

Deller, A. W.. Lect..Ch.E. 

Drew. T. B., Aaanc.P.Ch.E. 

Finch, J. K., P.C.E.dAaaoc.D. 
Gnrrelta, .T. SI., Aaaoc.P.E.E. 

Harness, G. T., Aaat.P.E.E. 

Hlnekley, A. D.. Aaat.toDean;Inat.f’.E 
Hixson, A. W., P.AH.Ch.E. 

Kayan. C, P., Aaat.P.M.E. 

Kenl, G. L.. Leo.Met. 

Krefeld, W. J., Aaaoo.P.C.E. 
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New York 


Mutzke, A. E., Aaut.VM. 

Mindlin, U. D., Aa»t.P.C.t!. 
Morgan, J. J., P.Ch.E. 

Newman, M. K., Jnat.Mech. 
Pegram, G. B., Dean ;P.Phys. 
Queneun, B. R., Aaat.P.Met. 
Uaiitenatraucb, W., P.I.E. 

Read, T. T., P.Min.E. 

Rogers, R. R., Inat.Ch.E. 
Schumann, C. II., Aaaoe.P.Dr. 
Schntz, P. W.. Aaat.P.Ch.E. 
Sliehter, W. I., P.Em. 

Taggart, A. F., P.ilin.Dress. 

Wood, Ben D., P.Ed.Rea. 

Cooper Union of Technology 
Ball, Albert, P.Phya.Em. 

Bateuiuu, O. F., Uean;P.D.E. 
Bruintiold. R. C., Aaaoc.P.V.E. 
Burdell, E. S., Director 
Ely, J. A., Adj.P.V.K. 

Halsey, Hugh, Inat.Phus. 

Kayan, O. F,, Aaat.P.M.E. 

Kut, W. S., Inat.M.E. 

Lancciiir, A. II.. Libr.Aaat.P.Bih. 
Lehmann, C. II., Inat.Math. 
Lofgren, K. E., AaHt.P.M.Dea. 
Lynch, W. S., P.Hum. 

MacDonald. .1. K. L. AaaU’.Mnth. 
Moixel, L. G. H., TAbr, 

.Merritt, H. W.. Aast.P.Phya. 

Miller. F. II.. AnHOC.P.Math. 
Neiigebauer, G. H„ Aaat.P.M.Dea. 
Nudd, P., Aast.P.E.E. 

Perez. Lawrence, AHat.P,O.E. 
Radasch, A. H., P.dH.Ch.E. 
Reddick, II. W.. P.AH.Math. 
Roemmele, II. F.. Aaat.P.M.E. 

Roth, C. O., Aaat.P.a.E. 

Roth. S. G., Inat.Math. 

Salnin. E. A., Inat.M.E. 

Scottron. V. B., Inat. Dr. 

Sheiry, E. S.. P.dll.C.E. 

Shelton, E. E., Inat.E.E. 

Towle. N. L.. P.dH.E.E. 

Tiithlll, A. F.. Inat.M.E. 

Voput, W. A., Aaat.P.M.E. 

Watson, W. S., Aaat.P.Pay. 
Williams, J. P. J., Inat.C.E. 

Young, C. H., P.AH.M.Dea. 

Manhattan College 
Backer, L. B„ P.Phya. 

Bro. A. Denis, Inat.Dr. 

Bro. A. Leo, Dean 
Bro. Aubert, Aaat.P.C.E. 

Oosta, J. .T., P.r.E. 

Ilett, ,T. 1I„ Aaaoo.P.PItya. 

Lockwood, H. ,1.. P.dlI.E.E. 
O’Connell, D. J., Aaaoc.P.V.E. 
O'Meara, T. .1., Inat.E.E. 

Relntjes, J. F., Aaat.P.E.E. 

Velz, C. ,1.. P.S.E.;ITead,O.E. 

Well, R. T.. Aaat.P.E.E. 


Gus, C. E., Ex.Sec.jP.lIeeh. 
Hamilton, B., Aaaoc.P.Auto.E. 
Hlbsbman, N. S., P.dH.E.E. 
Hllberry, II. N., Aaat.P.Phya. 
Johnson, L. O., Inat.Dr. 
Klemln, A., P.dII.Aer. 
Labberton, J. M., A8aoo.P.M.E, 
Lytle, C. W.. Aaaoc.P.I.E. 
Masson, II. J., Aaat.Dean 
McConnell, R. K., Init.Eng.Dr. 
McDonald, P. B., P.Engl. 
Myers, F. E.. Aaat.P.Phya. 
Patten, L. M., Inat.Dr. 

Payne, W. M„ Inat.M.E. 

Peters. A. S., Inat.Math. 
Peterson, A. I., Aaaoc.P.Eoon. 
Porter. D. B., P.I.E. 

Pride, II. H., P.Mttth. 

Ritter, I. F., Inat.Math. 

Rose, W. A,, Aaanc.P.Str.E. 
Russell, D. L., Inat.M.E. 

Saville, Thorndike, Dean 
Singer, F. L., Aaat.P.Merh. 
Small, E. H., Inat.M.E, 

Snow, C. II.. DranE, « 

Stoker, J. J., Aaaoo.P.Math. 
Telchinann, F. K., P.dH.Acr.E. 
Torgersen, Harold, Aaat.P.E.E. 
Trowbridge. I>. S., P.C.E. 
Vennard, ,1. K., Aaat.P.O.E. 
Wessman, H. 10., P.dlf.C.E. 
Whitaker, M. D., Aaat.P.Phya. 
Yanosik, G. A.. Aaaoo.P.Math. 
Yasines, S. F., Aaat.P.C.E. 

Nllson Radio Sehool 
Nilsoii, .V. R., Proa. 

St. Francis College 

Kenny. F., P.dff.Ohem. 

Stiiyvesaiit High Sehool 
Panuska, F. C.. Adm.Aaat. 

Webb Inat. Naval Arch. 

Ballard. L. .1.. P.Eng.dPhya. 

Plattsbiirg 

Ilenshaw, V. N., Pal Blade Co. 

Potsdam 

Clarkson College of Technology 
Allison. W. II., Aaaoc.P.C.E. 
Falls, B. K., Inat.M.E. 

Hudson, R. C.. Aaaoc.P.C.E. 
.lone.s, M. W., Inat.Phya. 

Piper. P. P.. P.Phya. 

Powers, A. R.. P.E.E. 

Ross, J. A.. Prea. 

Wetes, H, A., P.M.E. 

Wllaon, F. C., Dean 


New York University 

Barrett, S. K., Aaat.Dean;P.E.E 
Barrie, J. G., Aaat.P.M.E. 

Bliss, C. P., DeanEm. 

Bryans, W. R., Aaat.Dean :P.Mrch. 
Church, A. II., Aaaoc.P.M.Dea. 
Coburn, .1. M„ Aaat.P Aero. 

Colvin, C. H., Dlr.Aero. 

Coonradt, A. C., P.AH.M.E. 
Cromwell, P, C., Aaat.P.E.E. 
deRonde, L. A., Aaat.P.Math, 
Dunham, Heber, P.Dr.dDea.0. 
Fraas. A. P.. Inat.Aero.E. 

Gianni. M. B.. Aaat.P.M.E. 

Gray, H.. Aaat.P.C.E. 

Greenateltt, P., Aaat.P.E.E. 


Poughkeepsie 
Evans. F. IL 

Poos, C. B., Army Onlnance 
Rochester 

Eastman Kodak Co. 

Billings, E. M., Per.Dir. 

University of Rochester 

Conley, W. J., P.Meoh. 
Dawson, C. IL, Inat.E.E. 
Dwyer. O. B.. Aaat.P.Oh.E.* 
Gardner. H. S., Aaaoo.P.Vh.E. 
Hill, J. L., Aaat.P.M.E. 
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North Carolina 


Martin, J. J., Leo.Ch.E. 

Query, L. H., Aaat.P.I.E. 

Rome 

Kevere Copper ft Braes Co. 
Wallers, J. B., V.P. 

Schenectady 

General Rlectrlo Company 
Alger, P. L., Ch.8tand.Com. 
Bailey, N, P.. M.E. 

Boring, M. M„ Pera. 

Branch. W. H., Ed.Salca 
Muir, U, O., V.P.Eng. 

Steven^, A. C., Mgr.Ed.Salen 
SteTcnson, A. R., StaffAaat.toV.P. 

Union College 

Abbett, R. W.. Aaat.P.O.E. 

Bibber, II. VV., P.aiI.B.E. 

Hull. It. A., P.O.E. 

Harlow, II. G., Insi.C.E. 

Hoiulley, A.. P.C.E. 

Sayre, M. F.. P.ifech. 

StaiiN‘.v, R. L., /nat.a.E. 

Taylor, W. C., Aaaon.P.C.K. 


Shaw, Q. R., Aaat.P.Oeod.dTraHa. 
Spafford, W. F., P.dH.Eoo.B.Ad.JIia, 
Stevens, H. B., Aaaoe.P.M.B. 
Trathen, R. Hm Aaat.P.C.E. 

Van Winkle, B. H., P.Bua.Stat. 
Wilson, H. A., Aaat.P.M.B, 

Wlltse, S. B., P.E.E. 

Wiseman, B. R., Aaaoo.P.Meoh. 
Wright, H. M., Aaat.P.M.E. 

West Point 

U. S. Bfilltary Academy 

Carter, C. C., P.Phil. 

Fenton. C. L., P.Che.dElec. 

Yonkers 

Hodge, C. A., Technical H. S. 


NORTH CAROLINA 
Chapel Hill 

University of North Carolina 
Golnas, II. B., Aaaoc.P.S.E. 


Syracuse 

Syracuse University 
Berry, E, F., P.dli.C.E. 

Berry, G. M., Lcc.Mct. 
Blackburn, II. W., Aaat.P.M.E. 
Carpenter, .1. IT.. Inat.M.E. 
I'owglll, A. P,. Aaat.P.Ap.Mech. 
Devor, R. L., Aaat.P.Ad.E. 

Udell, G. M.. Aaaoc.P.Oh.E. 
Eieliler, ,1. O.. Aaat.P.C.E. 

Hart, S. T., P.dIT.Ad.E 
Howe, L. B.. P.hr. 

King. .1. A., P.dU.-ll.E. 

Lindsey, L.. P.dH. ip.AJalh. 
Luke. O. I).. P.dH.Ch.E. 

Afnltby, L. L., Inat.Math. 
Mitchell, Louis, Dean :P.C.E. 
.'Murphy, N. F., Aaat.P.Ch.E. 
Porter, R. A., P.Phya. 

Renner, W. E.. P.dll.Ad.E. 
Taylor, W. A., Aaat.P.Arch. 


Troy 

Dlbert, II. M., W. & L. E. Gurley Co 
See.dTreaa. 

Rensselaer Polytechnic Institute 
Abbuhl, F., Aaaoa.P.Kngl. 

Baker, R. P.. A aat.Direct or 
Chlllinan, B. F., P.Dr.Em. 

Clark, L. W.. P.AH.Mech. 

Compton, II. B., Aaat.P.Merh. 

Devine, .T. .T., Asaoc.P.M.E. 

Dunlop, .T. A.. .Uat.P.C.E. 

Fairfield. J. G., P.UeatE. 

Fessenden. B. A.. P.dtt.M.E. 

Gould, J. R.. Aaat.P.Engl. 

Hess, W. P.. Aaaoe.P.Met.fJ. 

Holmes, L. C., Aaat.P.E.E. 

Hotchkiss, W. O., Preaident 
Hunter. M. A.. P.dn.Met.E. ' 
Kllcawley. B. J., P.8.E. 

Klnne.v. .1. S.. Aaat.P.O.E, 

Mackay, Scott, P.M€t. 

Nugent, H. ll.,P.dH.Bngliah 
Paiagrovc, G. k., P.Hyd.B. 

Patterson. R, A., P.Phfta. 

Phelps, O. M.. P.dH.Dr. 

Prnegcr, B.. P.dJt.a,B. 

Sharp, n. O., P.Trana.E. 


Durham 

Duke University 

Bird, H. C.. P.C.E. 

Hall, W. H., Dean 
Hinton, W. A., Aaat.P.M.E. 
Krayblll, E. K., Inat.E.E. 
Lewis, R. E., Aaat.P.M.E. 
Plgage, Ij. O., Inat.M.E. 
Reed, P. J., Aaat.P.M.E 
Seeley, W. J., P.dll.E.E. 
Thelss, B. S., Inat.M.E. 
Vail, C. R., Inat.E.E. 
Wilbur, R. S., P.dH.M.E. 


Raleigh 

North Carolina State College 

Adams, W. B., A8at.P.M.E. 

Bain, W. A.. Aaat.P.Ch.E. 

Bartlett, G. W., Aaat.P.Phya. 
Baumgarten, W. L., Aaat.P.Arrh. 
Bragg, P. C.. Inat.M.E. 

Branier, C. R., Aaaoc.P.C.E. 

Briggs. H. B., P.Ur.ADea.O. 

Bright, U., Aaat.P.Ch.E. 

Brown, T. C., Aaat.P.M.E. 

Browne, Wm. II., P.dll.E.E, 
Bullock, R. C., Aaaoc.,P.Math. 
Cell. .T. W., Aaaoe.P.Math. 
Cheatham, J. C., Inat.M.E. 
Clarkson, J. M., Aaaoe.P.Math. 
Connor, N. W., Aaaoe.P.Mech. 
Cooke, H. C.. Inat.Math. 

Cope, R. L.. Aaat.P.M.E. 

Doody, T. C., .laaoc.P.Ch.E. 

Fisher, H. A., P.dH.Ifath. 

Flanders, R. 1,., P.C.E. 

Fontaine, J., Aaaoc.P.C.E. 

Fornes, O. G., Aaat.P.M.E. 
Fountain, A. hL, Aaaoo.P.Engl. 
Fouraker, R. S.. P.E.E. 

Gaylord, C, N„ Aaat.P.Meeh. 
Gelbart, Abe, Inat.Math. 

Glenn, K. B., Aaat.P.E.E. 
Grenves-Walker. A. F.. P.dH.Ocr.E. 
Grosecloae, F. F., PJ.E. 

Harrelson. J. W.. Dean Adm. 
Harrison, T. P.. DeanEm. . 

Hartley, L, C., P.dH.Engl, 
Henderson, D. B., In$t,l,E. 

Hicks, W. N., P.Bth.dRel. 
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Ohio 


Hoefer, E. G., PM.E. 

Hooke, R.. Inat.Uath. 

Hyde, T. E., Inat.Eng. 

Keever, L. M., Aaaoc.P.fJ. 
Krlei^cl, W, W., Aaat.P.Ccr.E. 
Lambe, C. M., Inat.v.E. 
Lancaster, F. W.. Aaaoc.P.Phya. 
Lauer, B. E., P.Ch.E. 

Lear, J. E.. P.H.K. 

Leonard, P. B., Inat.M.E, 
Levine, Jack, Aaaoc.P.Math. 
Mann. C. L.. P.d/I.O.E. 

Massey. .1. T., Jnat.M.E. 
klcGehee, W., Aaaoo.P.dJt.Pay. 
Meares, J. S., Aaaoc.P.Phjia. 
Miles, E. P., Inat.Uath. 

Moose. P. E., Tnat.Dr. 

Mumford, C. G.. P.SIath. 
Naliikian. 11. .M.. Aaat.p.Mafh. 
Nichols, C. L.. P.Ch.E. 

Overcash, R. L., Inat.Ch.E. 

Park. H. V.. Aaat.P.Math. 
Parker, J. Al., .Aaat.P.Oeol. 
Parkinson, L. R., P.dll.Aer.E. 
Randolph. E. E.. P.dll.Ch.E. 
Rice, R. B., P.&U.M.E. 

Buggies, E. W., Dir.Ext, 
Sanford, f'. N., Aaat.P.Arro.E. 
Satterlleld, H. E., P.AI.E. 
Seasraves. W. P., Inat.Math. 
Seely, J. P., Inat.Ch.E. 

Shaw, H, B.. P.I.E. 

Shumaker, Ross, P.dll.Arch.K. 
Smith, G. \V.. P.dTI.Mvnh. 
Steele, A. L , Inat.M.E. 

Stinson, H. E., Inat.M.E. 

Stone, R. L. 

Strohel, C. F., Inat.Math. 
Stuckey, .T, L., P.Oeol. 

Van Leer, B. It.. Itran 
Van Note, VV. G.. .Aaaoc.P.Ch.E.. 
Vaughan, L. L.. P.M.E. 
tVheeler, F. H.. P.Mrrh. 
Williams, II. I'., P.Math. 
Winkler, E. W.. Aaat.P.E.E. 
Wlnton. L. S.. Aaat.P.Math. 
Wray, .1. W., Inat.Math. 


NORTH DAKOTA 
Fargo 

North Dakota Agrleiilttiral College 

Doerr, L. O.. Aaat.P.M.E. 

Dolve, R. M., lican 
Jennings, R. T., Aaat.P.C.E. 

Rush, II. S.. AaHt.Dcnn.P.lj.li. 
Swanson, II, A.. .Aaat.P.C.E. 

Grand Forks 

University of North Dakota 

Alniy, L. B., Aaat.P.C.E. 

Boyd. Alfred, P.C.E. 

Budge. W. B., P.Min.E. 

Chandler, E. P,. DeanEm. ;P.C.E. 
Cooley, A. M„ Aaaoc.P.Ch.E. 
Dlakoir. A. J., P.dU.M.E. 

Gilpin, C. A., Aaat.P.M.E. 
Harrington, L. C., Dean 
Hein, J. M., Aaat.P.dll.Dr. 
Jenkins, D. R., P.dlI.E.E. 

Koth, A. W., Aaat.P.Ch.E. 

Lium, E. L.. Aaaoo.P.c.E. 
O’Brieii, B. J., Aaaoe.P.E.E. 
Renwlck, D, J., Aaat.P.M.E. 


OHIO 

Ada 

Ohio Northern University 
Need.v, J. A., Dean 
Pearson, D. S., P.dH.B.E. 

Akron 

Dowman, W. S., Goodyear Air. Corp. 
Gillespie, M. P., Goodyear T. & R. Co. 
Prior, T. W.. Goodyear T. & R. Co., 
Per. 

University of Akron 
Ayer, F. E., Dean 
Bulger. J. W., P.fttr.E. 

Durst, R. C., P.C.E. 

Palrbiirn, A. J. B.. P.aiI.E.E. 

Glliiiuur, W. A., P Court!. 

Grimn. F. S., P.M E. 

Raw. Ruth. Aaat.P.Engl. 

Siblla, K. F., Inat.E.E. 

Smith, P. C., Aaaoc.P.E.Sl. 

Upp, C. R., Aaauc.P.M.E. 

Wll.son, E. R., Aaat.P.M.E. 

Athens 

Ohio University 

Clark. G. W., Aaaoc.P.C.E. 

Ga.ylord, E. II.. Aaaoo.P.c.E. 

McClure, O. E., Aaaoc.P.E.E.dPhi/a 
Tlinmna, N. D., Aaat.P C.E. 

Wllsey, B. P., Aaaoc.P.C.E. 

Young, W. M., Dean 

Itiirhertoii 

Becker. W. M.. li.TJ 3 St 

Cineiiiiiuti 
riiiverNit,v of Cineinnati 
Aren.son, S. B., P.Vhem. 

.\ulnirn. N. R., Uean,En'.ColU'ue 
Burns, O. W., Aaat.Dean 
dowdy, U. C., Dv.an 
.loorger, C. A., P.M.E. 

Luther. IT. B.. P.C.E. 

Park, C. W.. P.Engt. 

Wnbnltz, W. S., Aaat.P.Engl 
Walters, Raymond, Preaident 

Ohio Meohanics Institute 
Falg, J. T., President 

Cleveland 

Brown, W. B., Elec. Contr. & Mfg. Co.. 
Hoad,Dev. Lah. 

Carmichael, C., Ayaov.tUt., Miieliine 
Design 

Davis, A. F., Liiicolu Arc \Vel«L Found.. 
Sec. 

Foster, E. S., Elec. Coiifr. & :Mfg. Co.. 
Elec.Kng. 

Reed, K. W.. 4014 Prospect Ave. 
Wallace, L, W., Trundle Eng. Co., Vice 
Free. 

Cnse School of Applied Science 

Barnes. G. B.. P.dH C.E. 

Bates, H. T., Inat.Ch.E. 

Bnrlngtnn, R. S., Aaaoo.P.Math. 
Carson. G. B., Aaaoo.P.I.E. 
Coppersmith, C. W., AaaoerP.ttr. 

Cover, O. M,. Aaaoa.P.Met. 

Douglas, M. S., Aaaoc.P.C.E. 
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Oklahoma 


Dudley, W. M., Aaat.P.Mech. 

Earnest, Q. B., Aeaoc.P.C.E. 

Eddy, C. L., P.dlI.Eng.Adm. 

Focke, T. M.. Uean:P.Maih. 

Hoover, P. L., P.AH.E.E. 

Justin, E. M., Aaat.P.Math, 

Ketchuni, M. S., Aaat.P.Str.E. 

Miller, C. O., ABaLP.Ch.E. 

Mills, G. H.. Aaat.P.E.E. 

Nudd, W. B., Beg.;Aaaoc.P.Dr. 
Prlestcr, G. B., Inat.M.E. 

Putnam, II. C.. Aaauc.P.E.E. 

Quinn, G. S., Inat.Dr. 

Slaymaker, U. R., P.if.Dea. 

Stone, O. ,M., Aast.P.nr.ADeaJS. 
Thoinns, C. P., P.ilath. 

Thompson, K. O.. P.EnpK 
Torrance, C. C., Aaat.P.Math. 

Tuve, G. li., P.h.-P.E. 

Vose, P. II., P.M.E. 

W«>Hke, J. R., P..\er. 

Wlckenden, W. E., Prealdcnt 
Younif, II. R., Aaaoc.P.Engl. 

Fenn Colleg'o 

Bush, B. II., Dean 
Delenk, W. N., H.ToulK. 

Fnbel, D. C., P.dM.M.E. 

Hales, V. D. Aaat.P.t’.E. 
llurrls, E. ('., Inat.Str.E. 

Hoffman, ()., Aaanc.P.C.E. 

Hunt, L. W., P.t'h.E. 

Prlnn, V, D., Aaat.P.M.E. 

Robinson, M. B., Act.Dcan 
Ward, Snni., P.dU.V.E. 

Columbus 

Chodsey, W. R., 4SS W. 7 Ave. 

Elbin, G. II., Courthouse, BridgcEna. 
Harder, O. K., Battelie Jnat.. Aaat.IHr. 
Jensen, G. L., FieldRup.Unempl.Comp. 
Riiohstcln. A. P., Jeffrey Slfu. C. 
Willianis, R. D., Battelie Mem. Inst. 

Ohio State UnH'ersfty 
Ayers, B. D., Assoc.P.E.E. 

Beltler, S. R.. Assne.P.M.E. 

Boyd, J. B.. Em.P. 

Brown. A. I., P.JLdV. 

Bucher, Paul, P.EteamE. 

Caldwell. P. C., P.E.E. 

Cnrriithers, ,T. L.. P.Cer.E. 

Clark, Yt. C., Assoc.P.Mcch. 

Coddlngton, B. P., Emer.P.Gcod.E. 
Cooper, C. I).. Assoc.P.Ur. 

Hreese, K. Y..P.dir.E.E. 

Humble, W. U., Asat.P.Engl. 

Evans, S. O.. Aaat.P.E.E. 

Bveritt. W. li.. P.E.E. 

Field, W. B., P.Dr. 

Polk. S. B., P.Mech. 

French, T. T&.^.Dr.Em. 

Herndon, L. K., Aaat.P.Ch.E. 
Hitchcock, B. A., DeanEm. 

Jones, L. D., Aaaoe.P.Dr. 

Judd, Horace, P.Em.M.E, 

King, R. M., Aaaoc.P.Cfr.E. 

Knight, W. A., Em.P. 

Koffolt, J. H., P.Ch.E. 

Large, G. E., P.G.E. 

Lehoczky, P. N., Aaaoc.P.I.E. • 
Lindahl, B. J., Aaat.P.M.E. 

MacQulgg, C. B., Itenn 
Marco, S. M., Aaat.P.M.E. 

Marqula, P. W., P.dH.M.E. 

Marshall, O. J., Aaaoe.P.C.E. 
Melklejohn, R., P.dH.Ur. 

Moffat, O. M., Aaaoe.P.U.E. 

Morris. C. T., P.O.E. 


Nold, H. E., P.dH.MineE. 

Norman, C. A., P.M.Dea. 

Ott, P. \V., P.dII.Mech. 

Paffenbarger, R. S., P.Dr. 

Phllby, A. J., Aaat.P.Dr. 

Poole, H. M., Aaat.PJ.E. 

I’oweJl, U. W.. Aaaoc.P.Mech. 

Price, R., Jn8t.Engl. 

Prior, J. C., P.U.dE.E. 

Roberts, C. P., Aaaoe.P.M.E. 

Shank, J. R., P.v.E. 

Stinson. K. W.. P.AtUo.E. 

Tang, K. Y., Aaaoo.P.E^E. 

Tucker, LeRoy, Asat.P.Mech 
Turnbull. W. H,, JuniorDean 
Vlcrck, C. J., Aasoc.P.nr. 

Weed, J. M., Ed.,Eng.f:xp.Pnh. 
Whitman, A. B., inat.Engt. 

Wllllanis, 1>. C., Inat.Mln. 

Withrow, J. U., P.dll.Ch.E. 

Younger, John, P.l.E 

Daj'tofi 

Willianis, K. M., Wright Piehl Radio 
Lab. 

CnirerNlty of niiyton 
Belz, C. J.. P.dU V.E. 

Chamberlain, J. J., Aasoc.P.V.K. 
Fitzgerald, J. A., Inst.E.E. 

Haas, M. E., DcanP.Vh.E. 

Hofman, G. A., P.dll M.E. 

O'Leary, A. M., Inst.Oen.E. 

Rose. L. H.. Aasoc.P.E.E. 

Weber, A. R., P.M.E. 

Granville 

nenlsoii tJnlversity 

Ades, G. S., Aast.P.ikll.Eng 
Ebaiigh, IV. C., P.Chcm. 

Ladner, A. C., Asst.P.Mnth. 

Greenville 

Ohio Institute of Teelinolog.v 
Dtinkle, R. W., Preaident 

Ivorydnie 

Watt, I>. M., Procter & Gamble Co., 
Per..\aat. 

Newark 

Electronic Res. Corp. 

Bennett, W. H.. Uir.Reaearch 
Davison, A. W., Div.Rea., Owens- 
Coruiug Corp. 

Toledo 

Vnlversity of Toledo 

Brandeberry, J. B., P.Math.dMech 
Brown, W. P., P.E.E. 

Friedrich, L., Aaaoe.P.C.E. 

Moulton, R. G., Aaat.P.M.E. 

Nash, P. C., Preaident 
Palmer. D, M.. Dean 
Reese, R. C., Inat.Str.K. 

Scott. B. O.. Aast.P.C.E. 

Smith, W. S.. Asat.P.V.E. 

SSorobsky. I. P., P.M.E. 


OKLAHOMA 

Norman 

University of Oklahoma 
Carson, W. H., Dean 
Cloud, W. P., P.Pet.E. 
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Pcnnnyivniila 


UawKuu, K. F., P.dkDir.M.E. 
Dodge, H. L., DeaniDir.Phya. 
Felgar, J. H., Dean-Em.jP.Eng. 
Jaoien, R. V., P.Meoh. 

Kroeger, 11. K., Aa8t.P.M.E. 
Sims, E. M., A»8t.P.M.E. 
Tappnn, P. G., Dir.E.E. 

Stillwater 

Oklahoma A. Si M. Collegt* 
Aldrich, B. M. 

Allen, E. P., P.Math. 

Baker, 13. C.. P.AH.M.E. 

Bradley, P. R., Aaat.P.Shofis 
Buerer, W., Aaat.P.M.E. 
I'lemeut, \V. B., Inat.MJ:. 
Donnell, P. S., Dean 
Dunn, C. A., Aaaoc.P.V.E. 
Durbin, F. M., P.Phya.' 

Flanders, U. L., P.V.E. 

Hnzen, D. E., P.AII.Ag.E. 

Hunt, D., P.AIIJ.E. 

Keith, J. I.. P.AH.FoodE. 
Leonard, O. M., Aaaoc.P.M.E. 
MalakolC, H. L.. Aaat.P.C’h.E. 
Naeter, A.. P.AII.E.E. 

Nlckalls, C. L., P.Ch.E. 

Rice, W. n., A8Ht.P.WeUL 
Sanford, C. N., Aaat.P.Aern.E. 
Saxton, R. G., P.AII.C.E. 

Scartli, V., Aaaoc.P.M.E. 

Smith, O. M.. H.Chem.dCh.E. 
Soderatrom, B. D., Aaaoc.P.Fthop 
Stanley. 10. R.. P.O.E. 

Stcsel, A. L., Tnat.M.E. 

Thuesen, TI. G.. P.AH.I.E. 

Venn, R. E.. Aaat.P.M.E. 

Young. V. \V., P.M.E. 

TnUa 

(Tniveraity of Tnlaa 

Langenhi'ini. It. L.. Dean 
Nelson, W. L., P.AH.Ch.E. 


OREGON 

Corvallln 

Oregon Slate College 
Albert, A. L., P.Vom.E. 

Dearborn. K. H.. Dean 
Gleeson, G. W.. P.dll.Ch.E. 

Graf, S. II.. P.&JI.M.E. 

Martin, W. II.. P.ITentE. 

Maurer, R. L., Inat.Engl. 

McMillan. P. O., P.dH.B.E. 

-Merryfleld, P., Aaaoa.P.f'.E. 

Mockmori*. G. A., P.dH.C.E. 

Nicholn, B. H., Aaaoc.P.E.E. 

OthtiR. .T. C.. Aaaoc.P.M.E. 

Willey. E. C.. Aaat.P.M.E. 

Portland 

Brenton, W., General Elec. Co., Ch. 
Eng. 

PENNSYLVANIA 
Betiver FhIIn 
G eneva College 

Bdgecomb, A. C., P.AIt.Eng. 

Bethlehem 
fjehlgh Univeralty 

Beaver, J. L., P.dU.B.E. 

Becker, S. A., Aaaoc.P.E.E. 


Bfwley, L. V., P.AU.E.E. 

Bldwell, C. C.. P.AU.Pnga. 
Brennccke, C. 0., Aaaoc.P.E.E. 
Butterfield. T. E., P.n.-P.E. 

Butta, Alliaon, P.Met. 

Callaghan, J. C., Aaat.P.Engl. 
Callen, A. C., DeanjP.AH.Mln.E 
Doan, Q. E., P.dH.Met. 

Eckfeldt, II., P.dH.Min.E. 

Bney, W. J., Aaaoc.P.V.E. 

Plaoher, P. P., Aaat.P.E.E. 
Foratall, W., Inat.M.E. 

Port, T.. Dean :H.Math. 

Holme, T. T., Inat..M.dI.E. 

.Tensen, C. D., Aaaoc.P.V.E. 

Larkin, P. V.. P.dJI.M.E. 

Payrow, II. G., Aaaoc.P.E.E. 

Small, L. L., P.Math. 

Stuart. M. C.. P.M.E. 

Sutherland. Hale, P.dH.C.E. 

Uhler, B. H., Aaat.P.C.E. 

Williams, C. C.. Preaident 

Cheater 

I’eniiHylvaniu Military Cnilege 
Campbell. W. B., Aaaoc.P.M.E. 
.Martin, P. L., P.Phya. 

Du Bols 

Penna,vlvniita State College 
Rons, P. K., Tnai.C. E. 

Ellhtoil 

I.Afayette College 

Benner, J. A., Aaaoc.P.Math. 
Conover, L. ,T., Aaaoc.P.E.E. 
Dawson, .1. II. TI., Inat.V.E. 

De Moyer, R., Aaat.P.C.E. 

Eaton, P. B., P.dU.M.E. 

Fernald, E. M., P.M.E. 

King, Morland, P.dH.E.E. 

Lohr, W, S., P.dH.C.E. 

McLean, W. G., Aaat.P.M.E. 
McMillan, E. L., Aaaoc,P.dCh.E. 
Nelson, B. W., Aaat.P.M.E. 

Perry, L., Aaaoc.P.V.E. 

Plank, W. B., P.dlf.MindMet. 
Ronser, W. E.. Aaat.P.M.E. 

Rice, P. P.. Aaat.P.C.E. 

Rockwell, E. II., P.Em. 

Roehrlg. O. P., Aaat.P.C.E. 

Slantz, P. W., P.Dr. ;Dir.Place 
Smith, F. W.. Aaaoc.P.E.E. 

Wltmer, L. F., Aaaoo.P.Met. 
Zozzora, F., Inat.Oraph. 

East Plttaburgli 
tVeatinghonae K. A M. Co. 

Belknap, J. H., Mgr.Teoh.Etnp1.Tr. 
Condon, E. U., Aaaoo.Dtr.Rea. 
Dudley, A. M., Eng.ltep.Patenta 
Lott, A. O., SwUchgearTeat 
Pendray, G. B„ Aaat.toPrea. 

Biker, C. R., Sup.Ext.Tr. 

Roberts. E. B., Aaat.toV.P. 

Smith, M. W., V.P.Eng. 

Grove City 
Grove City College 
Hoyt, C. S., H.Ch.dOh.E. 

Harrisburg 

Pa. Dept. Forests A WatAs 
Gardner, R. A., Hyd.Eng. 
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Fennciylvanla 


Havertord 


llaverford Coilega 

HetzeU T. ^ Aa$t.P.M.B. 
Holmes, C. W., A%»oc.P.M.B. 
Rlttenbouse, L. H., P.dH.B.B. 


Johnstown 

UnlTorsity of Pittsborch at 
Anderson, C. A., Atsoo.P.Eng. 


Crofoot, O. B., P.M.Ji. 

Fawcett, C. D., P.E.E. 

Fry, H. P., P.M.E. 

Goff, J. A., Dean 
Grandllenard, B. T., P.O.E. 
Liikens. II. S.. Dir.Ohem.aCh.E. 
Molatad, M. C.. P.dH.Ch.B. 
Pender, Harold, Dean 
Prior, J. A., Aeet.P.M.E. 

Sloan, W. A.. P.M.E. 

Wltiner. P. P.. Dir.O.E. 


Lancaster 

licn?, K. B., RCA ^Ifg. Co. 


Philadelphia Textile School 
Heard, Jf. E , Dean 


Franklin St Marshall College 
Dlstler, T. A., Prea. 

Pry, II. M., P.Phya. 

La Plume 

Seraiitoii-Keystone Junior College 
Oswald, C. T., Ch.Enff. 

Lowlsburg 


Pittsburgh 

Ackerman, A. J,, Dravo Coro., Dir.Eng. 
Bardsley, C, B. S., 2010 Voelke Ave. 
Birch, K. E., 1800 Farmers Bank Bldg. 
Gibson, K., 580 Caryl Dr., R. D. 6 
Lehman, L. G., 813 Franklin Ave., 
Inat.E.E. 

McClelland, B. II., Carnegie Library, 
Tech.Uh. 


Ituchnoll University 

Drum, M. L., P.Sur. 

Pllnsch, H. V., Aaat.P.C.E. 

Oarraan, W. D., Aaat.P.M.E. 

Griffith, D. M., Pdn.C.E. 

Irland, O. A., P.dJI.E.E. 

Keevli, C. S.. P.Ch.E. 

Kunkle, G. M., Aaat.P.U.E. 

Miller, .1. B., Aaat.P.E.E. 

Reed. J. C., P.&H.M.E. 

Rhodes, W, K., P.E.E. 

Shaffer, II. A., Aaat.P.K.E.ADr. 

Weeden, H. A,, Inat.C.E. 

Philadelphia 

Applegate, C. E., Leeds & Nortbnip Co. 
Chesterman, F. J., Bell Tel. Co. 
Kainmermeyer, K. 

Lewis, J. P., U. S. Navy Yard, Asat. 
Eng. 

Painter, R. .7., Aaat.toSeo.,A.8.T.M. 
Tatnall, P. G., Bnldwin-Southwark, 
Mgr. 

van Wert, L. R., Leeds & Northrup Co. 
Wareing, J. F., Navy Yard, Aaat.Shop 
8 upt. 


Urexel Institute of Technology 

Baker, J. B., Aaat.P.M.E. 

Billings, J. H., P.dHM.E. 
Bowman. H. L., P.dH.V.E. 
Brothers, L. A., Aaat.P.v.B. 
Bisque, R. C., Dean 
Dowell, Dawson, P.M.E. 

Ford, W. S., Aaat.P.E.E. 

Giles, R. V., Aaaoo.P.C.E. 
Grosvenor, A. W., Aaaoc.P.M.E. 
Hansom R. S., Aaaoa.P.Chem 
Kapp, C. A., Dir.Ooop. 

Lange, B. O., Aaaoo.P.B.E. 
Leonard, S. J., Aa$go.P.C.E. 

Mains, L. P., Aaat.P.O.E. 

Raynes, S. Hm Inat.M.E. 

Repscha. A. H., Aaaoo.P.M.E. 
Riddle, fc. W.. tnaUM.E. 

Stevens, W. J., Aaaoo.P.MJB. 
Stratton, L. D., Dean;P.Chem. 
Ward, H. T., Aaaoo.P.Oh.S. 
Williams, F. H. M., AaB 00 .P.Math. 


Unlvarslty of Pennsylvania 
Berry, H. C„ P.Mat.Conatr. 
Bowman, H. T., Inat.U.E. 


Carnegie Institute of Technology 

Bessey, tV. H., Inst. Phys. 

Blaisdell, A. H., Aaaoc.P.M.E. 
Dennison, B. C., P.E.E. 

Doherty, R. E., Preaident 
Dougherty, .1. W., Jnat.Mcch. 

Estep, T. G., P.M.E. 

Frocht, M. M., Aaaoc.P.Mcch. 

Guild, L. R., P.dif.Mgmt.E. 

Henry, H. J., Inat.M.E. 
llotchklss, W. B., P.Soo.Bel. 

.Tones, W. N.. Director 
Lawler, L. T., Aaaoo.P.Engl. 

Lee, G. II., Imt.Mech. 

McCombs, O. C., Aaat.P.Dr.dDea.O. 
McCullough. F. M.. P.dH.G.E. 
.McCully. n. M.. P.dll.Dr. 

McKee, H. L., Sup.Ev.8hop 
MrKee, W. S., Aaat.P.M.E. 

Miller, N., Aaaoe.P.Eco. 

Miner, D. F., F.Eng. 

Nettleton, B. B.. Aaaoc.P.Dr.Aliea.Q. 
Olsen, L., Inat.M.E. 

Patterson, G. R., Aaat.P.E.E. 

Porter, G. M., Aaaoc.P.E.E. 

Pugh, E. M.. Aaaoc.P.Phpa. 
Itosenbach, J. B., P.Math. 

Stanton, C. B., Superviaor 
Teare, B. R., P.E.E. 

Thomas, H. A., P.O.B. 

Work, W. R., P.dlI.E.E. 


Pennsylvania College for Women 

Spencer, H. Jj.,Prea.jCoord.E.8.M.'W.7’. 

University of Pittsburgh 
Ackenhell, A. C., Inat.C.E. 

Arnold. J. B., Aaat.P,Aer.E. 

Bishop, F. L,. P.Phya. 

Black, R. »L, P.dH.Min. 

Bowman, J. G., Chancellor 
Brinker, W. B., Aaaae.P.Ch.E. 
Bromllow, F., Aaat.P.C.E. 

Ooull. Jns., PJtM.Ch.E.^^ , 

Crouch, W. G., Aaat.P.Engl. 

Dent, J. A.,P.M.E. , 

Dyche, H. is., P.dlI.E.E. 

Bdgar, R. F., P-T-rfA-ii- 
Bndsley, L. B., I^otJI.E. 

Fltterer, O. B., P.dB,M»t.E. 

Qdbdale, S. L., P.Met.B. 

Gorham, R. C.. Aaaoe.P.E.E. 

Holbrook, B. A., Dean 
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Khode Inland 


Hovey, B. K., Imt.E.E. 

Kebprnlck, O. C., Inat. E.E. 

Lamhie, J. S., Dir.Eng.Def.Tr. 
Manifold, G. O.. Inat.AJ.E. 

MrCniidllKK, L. C.. {‘.All.a.E. 
McIntyre, L. W., Lvol.C.E. 

McKenry, Nell. Aaat.flec B.P.E.E. 

Pavian, H. C., Aaat.P.Aer.B. 

Ray, B. B., Inat.E.E. 

Riiah, P. is.. Aaat.P.E.E. 

Sherrill, R. E.. P.AH.OildOaa 
St. Peter, W. N.. P.Phga. 

Short. W, I., Aaaoc.P.G.E. 

Stlenlng, F. II., P.aH.M.E, 

Weldlein, E. R.. IUrrctorMellonhiat. 
Williams, L. K.. Inat.E.E. 

PUtHtnn 

Jackson, J. P. 

Scnintoii 

Baker, Sam, Int. Corres. .Schools, 
Dean 

Brneh, R. T., Int. Textbook Po.. Coll. 
Dept. 

Farnhain, O. \V., Int. Textbook Co., 
Mar.Coll.Dept. 

Strohra, R. T., Int. Oorres. Schools, 
V.P.ADenn 

Tice. L. W.. Int. Textbook Co., Aaat. 
Mgr. Coll. Dept. 

Scwlckley 

Larson, Alvin, 21.'i Chestnut St. 

State Colleire 
Perry, D. .1., 1.‘I3 Ilillcrcst 

Pennsylvania State Collese 
Annstrouit, W. II., Inat.I.E. 

Babcock, Al. M., Aaaoc.P.I.E. 

Beukert, H. N., Asat.P.C.E. 

Brencnian, .1. \V., Aaaoc.P.E.Meoh.- 
BullinKer, C. E.. P.dD.I.E. 

Carey, B. H., AaHt.P.Mech. 

Cassel, E. B., Aaat.P.Dr. 

Crouch, J. E., Aaat.P.I.E. 

Dogeett, L. A., P.E.E. 

Doolittle, J. S., Aaaoc.P.M.K. 

Duncan, D. C., P.Phya. 

Everett, H. A., P.dH.M.E. 

Govler, C. E., P.E.E. 

Grimison, E. D., Aaaoc.P.M.E. 

Hall, 1*. R., Aaat.P.I.E. 

Hammond, H. P., Dean 
Harris, C. L., P.dll.Arch.E. 

Holme, .1. AL. Inat.ifrr.h. 

Holt, C. B., Aaat.P.E.E. 

Hummel, J. O. P., Aaaoc.P.I.E. 

Hussey, R. A., Aaaoc.P.I.E. 

Johnstone. B. K.. P.dH.Arch. 

Klnsloe, C. L., P.dlI.E.E. 

Leister, J. S., Aaaoc.P.f'.E. 

Light, J. .1., Aaat.P.M.E, 

Alarln, Jos., P.Meoh. 

Afavls, F. T.. P.dII.C.E. 

Aflnshall. R. E.. P.Etr.E. 

O’Donnell. R. O.. P.JIpd.dB.E. 

Owens, P. W., P.dH.Ma1h. 

Peery, D. J., Aaaoc.P.Aero.E. 

Powell. A. P., Aaat.P.M.E. 

Rhodes, L, S., Aaaoe.P.C.E. 

Rice, P. X., A8aoo,P.E.E. 

Richardson, L. A.. Aaat P.Arch.E. 
Rohllch, G. A,. Aaat.P.B.E. 

Schaefer. V, Q„ Aaat.P.Paych. 

Smith, G. B„ Inat.Dr. 

Sorensen, H. A., Aaat.P.M.E. 


Stavely, E. B.. P.E.E. 

Stewart, P. C., P.M.E. 

Tari>ley, II. I., Aaaoc.P.M.E. 

Thn.ver. II, R., Aaat.P.Dr. 

Thniuns. O. D., Aaat.P.I.E. * 

Vnndegrift, C. O.. Inat.A/.E. 

VIerck, R. K., Aaat. P. Meoh. 
Vlllemonte, J. R.. Aaat.P.C.E. 
Whitehead, L. W., Aaaoe.P.C.E. 

Swarthmore 

Hwarthmore College 

Boiirdelals, O. A., Inat.Bhopa 
Carpenter, S. T., .Aaaoe.P.C.E. 
Qarralian, C. J., Inat.E.E. 

.Tenklns, II. M.. Aaaoe.P.E.K. 

Lilly, S. B., Chr.Eny.;P.C.E. 

AlcCnini, ,1. D.. Aaat.P.E.E. 

Oler, C. B., Inat.E.E. 

Potter, P. J., Inat.AI.E. 

Tlintcner, C. G., Aaaoc.P.M.E. 

Thom, G. B., Aaat.P.M.E. 

Tlllanovn 

Villnnova College 

Amelottl, K., Aaat.P.Afalft. 

Bnnmlller, P. P., Iteg. 

Bhimenfeld, II., Inat.Ch.E. 

Biieehe, IT. S.. P.E.E. 

Drenlok, R. P., Inat.Math. 

Driscoll, W. G., Aaat.P.Phya.dAIath. 
Oallen, J. .1., Aaat.P.C.E. 

Gorman, W. M., Inat.M.E. 

Ilnenisch. E. L., Aaaoe.P Chcm.dCh.E 
Arorehouse, .1. S., Dean :P.M.E. 

Moser, K. .1., Aaat.P.M.E. 

Oakey. J. A., Aaaoc.P.dll.C.E. 
Quagllano. J. V., Tnat.Chem. 

Slavln. W. A,. Aaat.P.E.E. 

Warren 

Plummer, F. L., ITaiiimon<l Iron Works 
Washington 

Washington and JefferHoii College 
Gregory. C. A., P.dlI.E.E. 

Picteiipol. C. ,1., DcanofEng. 

Waynesboro 

Gj(?sdahJ, AL S., Landis Tool Co. 

Wilkes Bnrre 

Etneknell University 

Hall, V. B., Aaaoc.P.Phya. 

Wyomlsslng 

W.vomisslng Polytechnic Institute 
Harper. A. C.. PreaMent 


POKTO RICO 
Bio Pledras 

University of Porto Rico 
Kenrlck, O. W., P.Phya. 
Alota, C. C., P.dH.a.E. 


RHODE ISLAND 
Kingston 

Rhode Island State Collegia 
Alexander. N,. P.Aer.E. 
Blllniyer, C. D., Aaaoc.P.M.E. 
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Teua 


Brown, R, E., Ataoo.P.M.E. 
(*iir|n‘ntpr. E. L., Aaat.P.M.E. 
Crawford, I. C., InatJWi. 
Crawford. T. S., P.A1I.VU.E. 
Guthrie, A. N., P.dll.Phya. 

Hall. W. B.. P.dJI.EE. 

Mo\vl)rny. \V. .T., Tnat.E.E. 

Prase, E. M., Aaaoc.P.Math.deE.E. 
Srhoek. E. I , Aaat.P.sr.E. 

Stuart, II. E., Aaat.P.M.E. 

Stubbs, P. W.. P.dH.a.E. 

Wales, U. L.. Dran ;P.M.E. 
Wilson, L. C., Inat.Engl. 

Providence 
Brown University 
Benford, W. R., Aaal.P O.E. 
Bennett. A. A., P.Math. 

Bornrd. S. .1.. A*»oc.P.Dr. 

Bliss, Z. R., P.Ap.Mrch. 

Cooke. S. I>.. Aaat.P.E.E. 
Kenerson. W. II.. Dean ;P.M.E. 
Kistler, P. N.. Axtnc.P.M.E, 
Lerner, S.. Inat.C.E. 

Itosp, F. O., Aasur.P.C.E. 
Tompkins. F. N.. Aaanr.P.E.E. 
Warren, A. ,!., Inat.M.E. 

Watson, A. E., Em.P. 

SOUTH CAROLINA 
Charleston 

The Citadel 

Anderson. .Tolin, P.C.E. 

Cleniont. W. B.. Aaat.P.M.E. 
Ilnyues. II. G.. Aa»t.P.C.E. 
LeTellier, L. S., Dean ;P.<1.E. 
Williams, B. B., Aaat.P.C.E. 

Clemson CoIIckc 
C lemson Aeripiilturni ColleKO 
Clarke. E. L., P.dll.C.E. 

Curtis. I). D., P.Mech.dtlyd. 

Earle, S. B., Dean 
Fernow. B. B, P.dlT.M.E. 

Glenn. II. B., Aaaoo.P.O.E, 
Qunttlebaum, A. M., Aaat.P.C.E. 
Rhodes. S. R., P.dU.E.E. 

Shenk. D. H . Aaane.P M.E. 
Shlffley, J. B., Inat.M.E. 

Stevenson, W. D., Aaat.P.E.E. 
TInelev. F. T.. P R B 
Trively, I. A., Aaat.P.C.E. 

Columbia 

University of South Carolina 
Bauer, W. M., P.dU.E.E. 

Sumwalt, R. L., P.dll.G.E. 

Parris Island 
Rutter, M. L., Box 811 

SOUTH DAKOTA 
Brookings 

South Dakota State College 
Amldon, L, L.. P.dU.M.E. 
Blodgett. H. B.. P.dll.O.E. 

Bloem, H. P., Inat. » 

Crothers. H. M.. Dean :P.E.E. 
Gamble, W. H.. P.dH.B.E. 

Oleson, C. C., Aaaoo.P,O.E. 

Rapid City 

South Dalcota School of Mines 
Clark, B. E., P.E.E. 

Connolly, J. P., President ;P.O«oI. 


Dake, B. D.. P.C.E. 

Knmniermnn, J. O., P.dH.E.E. 
Kreydlch, W.. Inat.E.E. 

Osterof, Q. G.. P.t'h. 
ralinerton, L. R., Coun.dPer.Dir. 
Parsons, H. M., Src.Treaa. 
Potter. J. G., P.Phya. 

Watson, C. O.. V.P.;P.Phy8. 


TENNRSSKK 
Chattanooga 
Kampnieier, R. A.. T.V..\. 

Cookeville 

Tennessee Polyteelinlc Institute • 
Henderson, J. M., Dir.Eng. 

Knoxville 

Davis, C. V., Proj.Eng. 

Tomlinson, G. B., T.V.A..Pr.Eng. 
Woodward, S. JI., WaterCont.Eng. 

University at Tennessee 

Aiken. II. B.. Aaat.P.C.E. 

Boarts, R. M., P.dU.Ch.E. 

Brown. R. T., Aaat.P.C.E. 

Camp, C. S., Aaaoc.P.IIyd.E. 
Dougherty, N. W., Dean 
Granger. A. T., P.dU.E.E. 

Ilertel. K. L., P.dH.Phya. 
itorton. R. W.. P.dU.M.E 
Plummer. C. R., Inat.Dr.dMach.Dea. 
Shipley, K. D., Aasoc.P.E.E. 

Thomas, F. II.. Aaaoc.P.M.E. 
Wakefield. B. II.. Inat.E.E. 
Williamson, ,1. II., Aaaoc.P.T.E. 
Wood, A. B., Aaaoe.P.Dr. 

Nashville 

Vanderbilt University 

Boynton. -I. B . P.dU.M.E. 

Graham, W. W., Aaat.P.Math. 
Tlansllk. R. S.. Aaat.P.Ch.E. 
Hutchison. A. W.. Aaat.P.C.E. 

Lewis. P. ,1.. Dean 
Lltkeiihous, E. E.. P.dU.Ch.E. 
.Sehenler. S R.. P.dU.E.E. 

Slack, F. G., P.dU.Phya. 


TEXAS 

Amarillo 

Vail. R. B., M.E., Pantex Ord. Plant 

Amarillo College 

Layton, W I., Inat.Eng.dMath. 
Whetstone, G. A., Inat.Math.dEng. 

Arlington 

Texas Agrtcultumi College 
Goodheart, B. J., P.dU.Math. 
Afltcham, J. T., Aaaoo.P.Eng, 
Pickard, W. L.. Inat.Math. 

Smith, P. M.. P.C.E. 

Anstln 

Unlveralty of Texas 
Bacon, R. A., Inat.M.E. 

Bantel, E. C. 11., Aaat.DeanjP.O.E. 
Barton, M. V., P.Aero.E. 
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Texan 


Barclay, L.. Aast.P.C.E. 

Beseman, M. L., P.M.E. 

Beanon, L. R., InaUM.E. 

Craig, H. V., Aeaoe.P.]lfath.AAatr<m. 
Datrnon, R. F., TeatJSng.^aaoo.P.C.B. 
Degler, H. B.. P.dH.M.E. 

Dornberger, W. W'., Aaat.P.Areh. 
Doughtle, V. L., P.M.E, 

Bcknardt, C. J., P.M.E. 

Ferguson, P. M., P.C.B. 

Pinch, S. P.. P.O.E. 

Pocbt, J. A.. P.Hgh.E. 

Gaffonl. B. N.. Aaaoe.P.E.E. 

Oalbraitb. R. A.. Aaat.P.E.E. 

Graves, Q. B., Aaat.P.C.E. 

Guernsey. K., Inat.C.E. 

Hamlin, H. W., P.E.E. 

McFarland, J. D.. Aaat.P.Ur. 
McLanrin, Banks, Aaaoo.P.C.E. 
McNeill. W. H., P.dH.Pet.E. 

Power, H. H., P.dH.Pet.E. 

Rowe, O. E., P.Dr. 

Short, B. B.. P.M.E. 

Thompson, M. J.. P.dH.An'o.E. 
VlttiiccI, R. V., Jnat.M.E.. 

Warner. R. W., P.dU.E.E. 

Woolrich, W. R., DeandP.M.E. 


College Station 

A. A M. College of Texan 

Barlow, H. W.. P.dJT.Aero.E. 
Benson, F. J., Aaat.P.O.E. 
Berryman, L. G., Aaaoc.P.M.E. 
Bishop. P. F., P.Ch.E. 

Bolton, F. C., Dean 
Brock, G. II.. Jnat.Dr. 

Clehind, S. M.. Inat.Dr. 

Crawford, C. W.. P.dH.M.E. 
DlIlInRham, H. C., P.E.E. 
Downard, R. W.. Inat.M.E. 
Rdmonson, Nnt, P.Matfi. 

Falres, V. M., P.M.E. 

Fournker, L. L., Aaaoc.P.E.E. 
Giesecke, F. B., Prof.Em. 
Gilchrist, Gibli, Dean 
Gobdheart, C. P., Inat.E.E. 

Grand!, L. L., Aaat.P.E.E. 

Ilaupt, L. M., Aaaoe.P.E.E. 
Higgins, P. R., Aaat.P.Aero.E. 
Hopper, .1. S., Aaat.P.M.E. 

Howell, B. .T., Regtatrar 
Hughes. M. C.. P.dH.E.E. 

Jnkkiila. A. A., P.Etr.E. 

Koenig, L. A., Aaat.P.vfirm.df^h.E 
Lindsay, ,1. D., P.dlT.Ch.E. 

Markle, B. W., P.E.E. 

McGuire, .T. G., Aaanc.P.Dr. 
McNew, .T. T. L., P.dn.a.E. 
Morgan, S. R., P.Engl. 

Mulflns, B. P. K.. Inat.Dr. 

Munson, T. A., P.Hyd.E. 

Osborn. .T. R.. Inat.V.E. 

Rnnsdell. C. 11.. Inat.Dr. 

Rode. N. F.. P.E.E. 

Randatedt, C. B.. P.E.E. 

Sllvey, O. W.. P.dll.Phya. 
SImmang, C. M.. Inat.M.E. 

Smith, E. G., P. Phga. 

Spence. T. R., V.Dir.Eng.Ex.Sta. 
Steel, B. W., P.dH.Mun.dB.E. 
Street, W. B., P.dH.Draw. 

Summey, George, P.dII.Engl. 
Thompson, .T. Q. H., Aaat.P.M.K. 
Truettner, W. I., Aaaoe.P.M.E. 
Vance, Harold, P.dH.Pet.E. 
Walton, T. O., Preaident 
Ward, R. P., Aaaoe.P.E.E. 

Wlngren, R. M., Aaaoe.P.M.E. 


Conunerce 

Keaton, L. D., P.I.Ed. 


Dallas * 

Southern Methodist University 
Davis, H. J., Inat.C.E. 

Flath, B. H., Dean 
Harrison, B. M., Coord. 

Huffman, H. F., P.E.E. 

Landon, R. D., P.C.E. 

Matson, R. M„ P.dH.M.E. 

Snntry. I. W., Inat.C.E. 

Thompson, Rophiis, P.C.E. 

El Paso 

College of Minen A Mrtallurg.v 
Decker, P. A., .iaaoc.P.E.E. 

Houston 

Rice liintltute 

Downs, J. B. T., InatJJ.E. 

Goddard, B. G., Inat.E.E. 

Ilart-sook, A. ,1.. P.dll.Ch.K. 

Morris, H. M.. Inat.C.E. : 

Pound. .T. H.. P.M.E. 

Russell. D. M., Inat.M.E. 

Ryon, li. B., P.C.E. 

Sims, J. It.. Inat.C.E. 

Waters, .T. R.. P.E.E. 

Weiser, H. B., DeanjP.Chetn. 
Wlsclimeyer, C. R., Inat.E.E. 

Kell.v Field 
Emery, K, G. 

Kerrville 

Schreiner Institute 

Hammond, T. M., H.Eng.dPhga. 

Kingsville 

College of Arts and Industries 

.Tones. E. N., Preaident 
Peurlfoy, It. L., Dir.;P.C.E. 

Stralton, A. W., P.E.E. 

LubbO(‘k 
Parkhill, G. W. 

Svensen, C. L., 150!) Ave. K., Bng.d 
Arch. 

Texas Technological College 
Adams, O. V., Dean 
Atkinson, M. B., Aaat.P.t.B. 

Bradshaw, W. L., Aaaoo.P.Areh.E. 
Bullen, C. V., P.dH.E.E. 

Godeke. II. F.. P.dH.M.E. 

Gray, W. P., Aaat.P.E.E. 

Hardgrave, J. C., Aaaoe.P.M.E. 

Horn, C. R., Aaet.P.Pct.E. 

Kipp, H. h., Aaaoe.P.M.E. 

Lee, R. L., P.dH.Tex.E. 

McRee, P. L., P.C.E. 

Middleton, E. V., Aaat.P.O.E. 
Murdough, J. H., P.dH.C.E. 

Normand, H. C., Inat.O.E. 

Nothstlne, L. V., lnat.O.E. 

Oberg, A. G., Aaat.P.Ch.E. 

Perrymam C. C., Aaaoe.PJ.E. 

Robson, F. B., lnat.l.E. 

St. Clair, O. A.. P.dH.I.E. 

Sparks, F. W., P.Math. * 

Stanley. C. M., P.dH.^Tex.E. 

Van Dyke, J. R., Inat. 
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WuHliingrton 


UTAH 

Loffan 

Utah Asrricultural Collece 
Carter, H. S., P.C.E. 

Clyde, G. D., Oeon 
Kepnor, II. K., P.C.E. 

Salt Lake City 

Adams, T. C., 242 S. 12th St. K. 
Bacun, G. M., 100 K. So. Temple 

Cnlveratty^ of Utah 

Baker, It. D., Aanoc.P.M.E. 

Cope. W. J., P.dU.M.E. 
Dlefendorf, A., P.dU.C.E. 

Hull, K. H., Aaaoc.P.E.E. 

Jones, D. K., Aaat.P.0.E. 

Keeler, M.S., Jnat.C.E. 

Latimer. C. 11., Aaat.P.C.E. 

Lewis, It. S., P.Min. 

Itnvitr,, .S. P., P.dH.Mct. 

Taylor, A. L., Dean 


Fuller, L. K., Aaat.P.Enyl. 

Hatcher, T. W., P.Math. 

Ireson, W. G., Aaat.P.l.E. 

Johnson, W. C., Aaaoo.P.DIr.Pl. 
Jones. J. B., P.dH.M.E. 

Lee, Claudius, P.E.E. 

Lott, A. O., InatJ.E. 

Mahaney, J. P., Aaaoc.P.I.E. 
Morris, P. C., Inat.O.E. 

-Murray, W. A., P.dH.E.E. 

Newman, C. M., P.dll.Lang. 

Norris, E. B., Dean 
Norton, P. T., P.dH.I.E. 
O’Shaughnessy, Louis, P.Merh. 
Pletta, D. H., P.Mech. 

Kasche, W. II., P.Mech. 

Itlffenberg, H. B., Aaaoe.P.C'h.E. 
Hoop, P. S.. Aaat.P.M.E. 
Spugnuolo. J. E., Aaat.P.Aroh.E. 
Trent, C. B., ManayerJEluefleMBr. 
Vllbrandt, P. C., P.dH.Oh.H. 

White, II. V.. Act.ir.Met. 
Whittemore, J. W., P.Cer.U. 
Wldener, B. M., Aaaoe.P.E.E. 


VERMONT 

Burlington 

Cniveralty of Vermont 
Aldrich, M. H., Aaat.P.C.E. 
Buehanan, R, O., Aaaoe.P.E.E. 
Bullard, J. A., P.Mech.dMath. 
Butterfield, A. D., P.Math.dOeod 
Chapman, R. G., Aaaoo.P.dll.M.K. 
Dnasch, H. L., P.dIl.M.E. 
Eckhard, G. P., Dean 
Lucarlnl, G. B., Aaat.P.M.E. 
McKee, B. R., P.dH.E.E. 
.Millington, H. G., Aaat.P.Math. 
Puffer, L. B.. P.C.E. 

Shorey, L. P., Aaat.P.E.E. 
Thomas, B., Em.P.Math. 


Bliicfleld 

•Junior College 

Louthan, M. R., P.Math. 

.McCoy, J, E., P.dH.Chem. 

l,eaington 

Virginia Milltnr.r Institute 

Anderson. J. A.. Dean ;Head,t'.E. 
Mallory, Praueia, P.Phya.Emvr. 

Purdle, K. S., Aaaoo.P.Math. 

Lynchburg 

Ferguson, ,T. L., Glnmnrgun Pipe A 
Ponndry Co. 

Newport News 


NortliReld 

Norwich University 

Ashton, M. B., Al.Sec.;Aaaoc.P.C.E. 
Dix, L. B.. P.Math. 

Bmerson, W. D., P.PowerE. 

Howes, D. B., P.E.E. 

Ingalls, J. W., Aaaoo.P.l.Bea. 

Mara, H. W,, Aaano.P.Dr.dMath. 
Spencer, P. A., P.dH.E.E. 

Taylor, A. D., Aaaoe.P.C.E. 

Winslow, A. E., Dean 
Woodbury, C. V., P.dH.Phya. 

Springfield 

Luce, A. W., M.E., Pollows Gear 

Sh.iper Co. 

VIRGINIA 

Alexandria 

Blacksburg 

Virginia Polytechnic Institute 
Andrews, S. C., Aaaoe.P.Bua.Ad. 
Barber, W. J., Aaat.P.M.E. 

Begg, R. B. H.. P.C.E. 

Castleman, J. It,, Aaaoe.P.Dr. 

Clower, J. I., P.M.Dea. 

Cooper, A H., Aaaao.P.Ch.E. 

Cothem, L. 1., P.Min.B. 

I>ent, J. B., An»QO.P.Dr. 

Duslnberre,'G. M., A*»t.P.M.B. 
Edwards, J. C.,lnatJ.B. 

Bills, W. T., P.Pou>erdPuel B. 

Plsher, R. A., A»$oe.P.Oh.B. 


Thomas, D. B., Ship. & I>vy Dock Co., 
I. Apgr.School 


Virginia Fol.vteehiilc Institute 
.Miirdiehiiin. K. K., Tnat.C.E. 

South Boaton 
Patten, W. B., Engineer 


University 

University of Virginia 

Brown, P. L., P.Phya. * 

Evans, T. H., Aaaoe.P.C.E. 

Hesse, H. C.. Aaaoe.P.Dr. 
McClintock, B. C.. Inat.Eng. 
Morse, P. T., Aaaoc.P.M.E. 

g uarlcs, L. R., Aaaoc.P.E.E. 

odman, W. S., Dean ;P.E.E. 
Rusbtou, J. n.. P.Vh.E. 

Vaughan, J. L., Aaaoe.P-dH.Engl. 


WASHINGTON 

Pullman 

k’ashlngton State College 
Andes, A. S., AaatJP,Aero, 
Barker, C. L., Aaat.P.Hud.E. 
Candee, F. W., Aaat.P.M.E. 
Cole, J. S., Aaat.P.Bngl. 
Drucker, A. B., DeattMin. 
Langdon. H. H» P.dHJttB. 
Llckey, H. P., Aaeoa.P.E.B. 
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Wlftfsonsln 


Moore. K. U., Aast.P.O.E. 

Osborn, 0 . B., Aaat.P.E.B. 
Parker, E. B., Aaaoo.P.M.E, 
Sloan, R. D., Dean 
Snyder, M. K., P.S.E.:Head,O.E 
Weleh, P. W., Aaat.P.O.E. 

Seattle 

Murray, R. M. 

ITnlvemlty of Watililiiaton 
Anderson, V., Aaaoc.Engl. 

Brown, U. Q., Aaaoc.P.Gen.E. 
Collier, I. L., Aaat.P.O.E. 

Daniels, Jos., P.Min.dMet. 
Eastman, A. V., P.dH.E.E. 

Ensel, E. D., Aaat.P.Gen.E. 

Hall, Amy B., Aaaf.P.Engl. 
Hennes, R. G., Aaaoc.P.C.E. 
Jensen, A., Aaat.P.Gen.E. 

Little. W. B., Inat.Grn.E. 

Loew. E. A., DcanEng.P.E.E. 
McIntyre, 11. J., Aaaoe.P.M.E. 
McMinn, B. T., P.M.E. 

Sillier, A. L., P.O.E. 

More, C. C., P.Str.E. 

Rhodes, P. II., Aaat.P.O.E. 
Roberta, Mllnor, DeanJ^inea 
Rowlunu.s. T. SI., Aaat.P.Gen.E 
Warner, P. SI., P.Dr. 

Wilcox, E. U., P.dH.Gen.B. 

Spokane 

flonsnKa University 
McGlverii, J. G.. Dean 
Poole. P. L., P.E.K. 

Wood, P. r., Inat.E.E. 

.Ilinlor College 

Sfegeath, S. A., P.Eng. 

Tueoma 

Long, J. 1)., Douglas Fir. Assn. 


WEST VIRGINIA 
Huntington 
Marshall College 

McCaskey, A. E., Aaat.P.Sct. 

Slontgomery 

West Virginia Inst, of Toeh. 
Slaclln, B. S., Prealdent 

t 

Morgantown 

West Virginia University 

Boomsiitcr, G. P., P.Ucch. 
Gather, C. 11., Aaauc.P.Mech. 
Gather, H. SI., Aaaoc.P.PowerK. 
Conley, 11. B., Aaat.P.Eoon. 
Davis, R. P., Dean 
Downs, W. S., P.lty.dlly.E. 
Forman, A. H., P.&H,E.E. 
Hayes, L. D.. P.dll.M.E. 

Ilodge, W. W., P.dH.Oh.E. 
Jones, E, C., Aaaoc.P.E.E. 
Koehler. W. A.. P.Oh.dCer.E. 
Lnwall, C. E.. Preaident 
SfeElroy. D. L., Dtr.Minea 
Seibert, C. B., Aaat.P.E.E. 
Simons, H. P., Aaat.P.Ch.B. 
Smith, A. h., Aaat.P.O.E. 
^elden, H. w., H.C.B. 

I^lte. B. S., Aaat.P.M.Dea. 


Princeton 
Eastern Exploration Co. 

Sfraltw, H. W. 

Wheeling 

Lliisly institute of Technology 
^ Simino^.o, A., Dean 
r 

WISCONSIN 

Appleton 

l.ucvrenee College 
Trezise, V. W., P.E. 

Mudison 

Erusl, G. C., Forest l’ro<l. Lab. 
University of Wisconsin 

Barki'r. G. J.. Aaaov.P.Min.dMet. 
Benedict, R. It., Aaat.P.E.E. 
Keiiiiett. Ed.. P.dH.E.E. 
Gottiiighain, W. S., Aaaoc.P.Elr.E. 
Dodge, K. R., Inat.C.E. 

Dorrans, ,T. M., Aaaoc.P.M.Prae. 
Elliott, B. G., P.M.E. 

Fowler, It. W., Aaaoc.P.Dr. 
iladdux, L. G., Jnat.Mech. 

Ilougeii, O. A.. P.Ch.E. 
ingersoli, L. It., P.dll.Phya. 
Jansky, l.'. M., P.E.E. 

Johnson, F. E., Dean 
Kelso, L. E. A., Aaat.P.E.E. 
Kessler, L. II., Aaaoc.P.Hyd.dS.E 
Koiiiniers, J. B., P.Mech. 

Kowalke, O. L., P.Oh.E. 

Larson, G. I.., P.dll.M.E. 

Larson, L. C., Aaat.P.E.E. 

Lenz, A. Aaat.P.llyd.E. 

Maurer. E. R., PJm.P. 

Mead, I). W., Em.P. 

Millar, A. V., Aaat.Dean ;P.l)r. 
Nelson, D. W.. Aaaoc.P.St.dOasE. 
Oestcrle, J. F., P.AH.Mct.E. 

Orth, II. D., P.dIl.Dr.tWe8.G. 
Owen. R. S., P.dH.Top.E. 

Price, J. R.. P.E.E. 

Piilver. II. E.. P.C.dStr.E. 

Rader, L. F.. P.O.E. 

Kagntz, R. A., P.dll.Ch.E. 

Roark. It. J.. P.Mech. 

Rohlloh, O. A.. Inat.O.E. 

.Sherwood. N. P.. Inat.M.E. 

Shiels, K. G., Aaaoc.P.Dr.dDca.O. 
Tracy. G. P.. Aaaoc.P.E.E. 
Tiiriiennre. P. B.. Deanlim. 

Van Ilngau. L. P., P.dIJ.O.E. 
Watson. J. W.. P.E.E 
Wendt, K. F., Aaaoc.P.Mech. 

Wilson, L. A., P.dH.M.E. 

Wlthey. M. O.. P.Mech. 

Woortbnrn. J. O.. P.Hvd.E. 
Worscncrort. R. R., Inat.Dr.dDr-a.G 

Milwaukee 

Mur<iuette University 
Bliss. W. D.. P.Oh.E. 

Douglas, .T. P. II., Aaaoc.P.E.E. 
ITehard. W. J., Dir.1nd.EH. 

Nowlekl. A. L., Aaat.P.O.E. 
Scrimshaw. S., P.Econ.dInd.EH. 

Milwaukee School of Engineering 
Werwath, K. O., Regiatrar 
University of Wisconsin %t 
Grant, H. E., Aaat.P.Dir. 


188 



WlBPonHln 


S. I*. K. K. MEMBERSHIP LIST 


West Indies 


Neenah 

Kimberly Clark Corp. 

Martin, F. P. 

Mlnarik, R. 6.. Oons.M.Dea. 

Oshkosh 

Walsh, P. W. 

WYOMING 

La ramie 

University of Wyoming 

Anderson, C. E., P.dIl.M.E. 

Brown, C. W., Anst.P.E.E. 

Goodrich, R. D., Dean 
Person, H. T., P.dH.C.E. 

Sechrlst, G. H., P.dlI.E.E. 

Trnehlood, R. O., Inat.M.dE.E. 

AUSTRALIA 

Melbourne 
University of Melbourne 
Sublet, F. G., Lect.E.E. 

Newcastle 

Newcastle Technical Colleire 

Plowman, A. S., P.dH.E.E.dPhya. 

BRAZIL 

Sao Paulo 

University of Sao Paulo 

Cardoso, A. C., Aaat.P.E.E. 

Frelre, V. S., Dean 

RNOLAND 

Manchester 

Fleming, A. P. M., Met-Vlckers Elec. 
Co., JIgr. 

FRANCE 

Nice 

Reber, L. E., Retired 


INDIA 

Colombo 

Ceylon Technical Schools 
Bartlam, E. R., Principal 

Jamshedpur 

Bose, S. N., Tata Co. Ltd., Ch.E.E. 

NEW ZEALAND 
Wellington 
Elertricnl Journal 
Stacp, F’. N., Editor 

PERU 

BnKinecringr School 

Maesdo, O. M., Min.Eng. 

Lima 

Tirapata 

Inca Mill. & Dev. Co. 

Bllckcnsderfer, II., Aaat.Mgr. 

POLAND 

Lwow 

Polytechnic of Lwow 
Aulich, W. M.. P.M.E. 

SYRIA 

Beirut 

American University 
Jurdak, M., P.ifath. 

TURKEY 

Istanbul 

Robert College 

Bennett, J. Q., P.C.E. 

Sclplo, L. A., Dean;P.M.E. 

WEST INDIES 
Aruba 

Opdyke, J. B., Lago Oil A Trns. Co. Eng. 
Curacao 

Telle, L., Shell Union, M.E. 


189 



190 


OCCUPATIONAL DISTRIBUTION OF MEMBERSHIP 


OCCUPATIONAL DISTRIBUTION OF MEMBERSHIP 


ADAIINISTBATOKS—KDUCATIONAI. 

Adams. A. S., Aant. to Dean; Mech. d 
Mat. 

Adams, O. V., Dean; Civil 
Adums, U. G. 

Agg, T. K., Dean; Civil 
Anderson, D. 8., Dean Emer. 

Anderson, J. A., Dean, Civil etr, d trans. 
Arduser, L. 1'., Exec. Asst. 

Armsby, H. II., Hcgiatrar; Civil 
Auburn, N. P., Dean; EconnmicH 
Ayer, F, B., Dean 
Bailey, C. K. 

Baker, K. P., Assl. Director 
Baker, Samuel. Dean; Civil, atruc. 
Banmllicr, P. P., Begiatrar 
Barker, .1. W., Dean; Electrical, power 
Barnard, W. N., Director; Mechanical 
Barrett, 8 . K., Aaat. Dean; Electrical 
Bartlam, B. R., Principal 
Bateronn, G. F., Dean; Mechanical 
Benatson, N. A.. Dean; Oeog. 

Bethel, L. L.. Director; Induatrial 
Biegler, P. 8 ., Dean; Electrical 
Bissell, G. W., Dean Emer. 

Bliss, C. P., Dean Emer.; Mechanical 
Blodgett, II. B., Acting Dean 
Boardman, II. 8 ., Prea. Em. 

Bolton, F. C., Dean; Electrical 
Bond, E. W., Sec.-Treaa. 

Bowman, .Tohn G., Chancellor 
Bradley, J. A., Dean; Chem. Eng. 

Breillng, It.. Act. Prin. 

Brlerley, .7. R., Ex. Alumni Sec. 

Bryans, W. R., Aaat. Dean; Mech. d Mat. 
Buchanan, ,1. B., Dean; Civil 
Bunker, J. W. M., Dean; Biol. Eng. 
Burden, B. 8 ., Director; Soe. Sci, 
Burden, II. P., Dean; Civil 
Burns, O. W., Aaat. Dean ; Coord. 

Bur8le.v, ,7. A., Dean; Mechanical h-p. 
Bush, B. H., Dean; Mechanical h-p. 

Bush, Vannevar, President 

Butler, G. M., Dean; Min. Tech., mining 

Callen, A. C., Dean; Mining 

Carpenter, J. A.. Director; Mining 

Carr. A. R., Dean; Chemical 

Carson, W. II., Dean ; Mim'ral Tech. 

Case, G. W., Dean; Civil 

Cat on, J. .1., Director 

Chondler, B. F., Dean Emer.; Civil 

Chedsey, W. R., Director; Mineral Tech. 

Christensen, N. A.. Dean; Aeron.; Civil 

Circe, Armand, Dean; Civil 

Clarke, C. L., Dean 

Cloke, Paul, Dean; Electrical 

Clyde. G. I)., Dean; Civil, transportation 

Coblelgh, W. M., Dean; Chemical 

Colston, A. L., Principal 

Compton, K. T., President; Physics 

Comstock, B. 11., Dean 

Condlt, K. II., Dean; Mechanical 

Connolly, J. P., Pres,; Min. Tech, geology 

Conroe, I. A., .Aaat. Com. 

Cook. A. L., Director; Electrical 

Coolbaugh, M. F., Pres.; Mineral Tech. 
Cooley, M. B., Dean Emer.; Mechanical 
Crawford, I. C., Dean; Civil 
Creeae, James, vice Prea. and Treas. 
Crothers, II. M., Dean; Electrical 
Cudworth, J. R., Director; Mineral Tech, 


Culllmore, A. R., President; Civil, atruo. 
Cummings, H. N., Vice Prea.; Civil 
Curtis, II. A., Dean; Chemical 
Diiee, F. B., Dean; Electrical 
Daggett, P. H., Dean; Electrical 
DanieLs. W. T., Director; Civil 
Davies, C. B., Sec., A. S. M. E. 

Davis, G. J., Jr., Dean; Civil, hydraulics 

Davis, II. L., Vocational Director 

Davis, II. N., President; Mechanical 

Davis, R. P., Dean; Civil, structural 

Dawson, F. M., Dean; Civil, hydraulics 

Dearborn, R. H., Dean; Electrical power 

Dlllmau, G. U., President 

Dirks, H. B., Dean; Mech. heat power 

Disqup, K. C., Dean; Electrical 

Distler, T. A., President 

Dodge, II. L., Dean; Phyaica 

Doherty, It. E., President; Electrical 

Dolve, R. M., Dean; Mechanical 

Donnell, P. S., Dean; Civil 

Dougherty, N. W., Civil 

Douglas, B. C., Dean; Civil 

Downing, L. K., Dean; Civil, trana. 

Drucker, A. E., Dean; Min. Tech., metall. 

Duckering, W. B., Dean; Civil, atruc. 

Dudley, 8. W., Dean; Mechanical 

Dunkle, R. W., President 

Durland, M. A., Aaat. Dean; Mach. dea. 

Dutton, H. P., Dean; Industrial 

Earle, 8. B,, Dean; Mech. heat power 

Bckhard, G. F., Dean; Civil 

Ell, C. 8 ., President; Civil 

Elliott, E. C., President 

Eager, M. L., Dean; Civil; Mech. d Mat. 

Eshbach, O. W., Dean; Electrical 

Evans, H. 8., Dean; Electrical 

Everett, A. E, Co-ordinator; Civil 

Faig, J. T., President; Mech. heat power 

Farrell, P. D., President 

Farris, M. E., Dean; Mech. mach. design 

Feiker, F. M., Dean; Economics 

Felgar, J. II., Dean 

Ferguson, O. J., Dean; Electrical 

Field. FIo.vd, Dean; Mnthematiea 

Finch, J. K., Assoc. Dean; Civil 

Fisher, James, Dean; Math.; Phys. 

Flanders, M. M., Dean; Electrical 

Flath, E. H. Dean; Electrical 

Focke, T. M., Dean; Mathematics 

Fort, Tomlinson, Dean; Mathematics 

Freund, C. J., Dean; Indus. Adminis. 

Frigon, A., President 

Furman, F. D., Dean; Mech. mach. design 

Gurnet, M. B., Registrar; Civil 

Garran, P. W., Dean; Civil 

Gaudefroy, H.. .Aaat. to Dean 

Gault, A. E., Dean; Mathematioa 

Gaum, O. G., Mechanical 

Gilchrist, Gibb, Dean; civil 

Gilmour, W. A., Coord.; Math.; Civil 

Golf, J. A., Dean; Mech., thermodynamics 

Goodrich, R. D., Dean; Civil, hydraullea 

Gough, A. C., Dir.; Mech., mach. design 

Gowdy, R. C., Physics 

Graham, J. H., Dean; Min. Tech., metdll. 

Greene, A. Dean; Mech. heat power 

Grinter, L. B., V. P., Dean; Civil 

Gus, C. B.. Ex. See.; Mechanics 

Haas, M. E., Dean; Chemical; Chemistry 

Hall, It. A., Co-vkairma%; Civil, strue. 

Hall, W. Dean; Civil; Sanitary 

Hammond, u. P., Dean; OivU; Sanitary 
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Hannum, J. E.> Asat. Dean; Industrial 
Harder, O. B., Aaat. Dir.; Meoh. d Mat. 
Harper, A, C.. President; Mechanical 
Harrelson, J. W., Dean 
Harrington L. C., Dean; Mech. d Mat. 
Harrison, K. M., Coordinator 
Haskins, Q. W. 

Hatch, \V. E., Director; Civil 
Hausmann, E., Dean timer.; Physics 
Haynes, H. A., Principal 
Hcaid, II. T., President; Civil, structural 
Heard, M. E., Dean 

Heliard, W. .1., Director; Indus, .\dmin. 
Henderson. F. R., Acting Dean 
Heuilue, H. 11., Sec., A. I. E. E. 
Ilenniuger, G. Ross, Editor, A. I. E. E. 
Hicks, W. N., Ethics d Religion 
Hinckley, A. D., Asst, to Dean; Elec. Com. 
Hitchcock, E. A., Dean Emer.; Civil, con. 
Hitchcock, L. W., Acting Dean 
Ilockeiua, P. C., Asst, to Pres.; Industrial 
llollirook, E. A., Dean; Min. Technology 
Hollister, S. C., Dean; Mech. and Mat. 
Holmes, M. E., Dean; Ceramics; Chemical 
Hotchkiss, W. E., Social Relations 
Hotchkiss, W. O., Pres .; Min. Tech., min. 
Houchens^T. M., Co-ordinator 
Howe, J. W., Dean; Civil 
Howell, E. .T., Registrar 
Howell, U. S., Director; Mechanical 
Iluekle, M. S., President; Mechanical 
Hughes, G. G., Dean; Mechanical 
Hume, Alfred, Chancellor Emer.; Civil'' 
Jackson, D. C., Jr., Dean 
dagger, J. K., Clril 
.Takowsky, J. J.. Dean 
Jessup, W. E., Field Sec., A. S. C. E. 
Johnson, P. B., Dean; Electrical 
Johnson, L. H., Dean; Civil, structural 
Johnson, R. R^^ Machine Design 
Johnson, W. C., Dir. Placement 
Jones, E, N., President 
Jones, W. N., Director; Chemical 
Jordan, H. H., Assoc. Dean; Civil; Draw. 
Kapp, C. A.. Director; Industrial 
Kegerreis, Roy, Physician 
Keller, A. R., Dean 
Killian, J. R., Exec. Asst, to Pres. 
Kimball, D. S., Dean Emer.; Mechanical 
Kna))p, W. A.. Asst. Dean; Civil, struo, 
Knudson, C. M., Dean; Chemical 
Koch, It, L., Cashier 
Koepke, C. A,, Adm. Asst.; I. B. 
Kouw’enhoven. W. B., Dean; Elec. Eng. 
Lake, W. S., Dean; Economics 
Tumble, J. S., Dir.; Civil 
Lanipe, J. H.. Dean; Electrical 
Langenbelm, R. L., Dean and Vice Pres.; 
Civil 


Langsdorf. A. S., Dean; Electrical 
liRSHalle, L. J., Dean; Mech. and Mat. 

La wall, C. B., Pres.; Mineral Tech. 

Lees, J. W., Dean 

IWebvrfc O. 0.,Mem. Board; Civil, struc. 
Iceland. 0. M,, Dean; Civil, surveying 
Leo, Bro. A., Dean 
LePage. C. B., Asst. Sec., A. S. M. E. 
I'ester, O. C., V. P. d Dean; Physics 
I^Telller, L. S., Dean; Civil 
Lewis, P. J., Dean; Civil; Sanitary 
I.iewls, W. A,, Director, E. E. „ 

Lilly, 8. B., Dean; civil, hydraulics 
Lino, S. C.jDean; Chemical, Chemistry 
Lindsay, P. B., Assist, Chief; Math.; 
Physics 

Idnsenmeyer, P. J., Mechanical 
Loew. E. Ay Dean; Eleetrieal, power 
Lovell, A. H., Asst. Dean; Elec., power 
nlackenaie, C. J., Dean; Civil; sanitary 
MacKlDBon, 3. C., Reffistrar 


Maclln, E. S., Pres.j Eng. Drawing; Shop 
MacQulgg, C. E., Dean; Min. Tech, met. 
Malcolm, w. L., Director; Civil 
Marston, Anson, Dean Emer. 

Masson, 11. J., Director; Chemical 
McClelland, E. 11., Technology Librarian 
McDaniel, J. E., Director, Coop. 

McElroy, D. L., Director. Mines 
McGivern, J. G., Dean; Mechanical 
McLaughlin, D. H.; Dean; Mining 
Melkte, G. 8., Director 
Melvin, H. W., Dean; English 
Memory, N. H., Director 
Metzeubelin, H. H., Compt.; Elec., power 
Millar, A. V., Asst. Dean; Drawing 
Mitchell, Louis, Dean; Civil, hydraulics 
Mitchell, W. L., Dean; Mechanical 
.Morehouse, J. 8.. Dean; Mechanical 
Moreland, E. L., Dean; Electrical 
Morey, C. W., President; Civil, structural 
Morgan, .T. R., Dean 
Morris, S. B., Dean; Civil, hydraulics 
Mott, W. E., Dir. Emer.; Civil, hydraulics 
Moyer, J. A„ Director; Elec.; Meoh. 

Nash, P, C.. President; Civil, structural 
Needham, C. E., President; Mining 
Needy, J. A., Dean; Mech., heat power 
Nethken, II. J.. Acting Dean 
Newman, A. B., Chemical 
Nichols, C. R., Dean; Electrical, power 
Nightingale. W. B., Director . 

Nilson, A. R., Pres. 

Norris, E. B., Dean 

Norwood, J. N., President; Ceramics 
Nudd, W. E., Registrar; Eng. Drawing 
O’Connor, G. R., Head; Naval Arch, d 
Marine Eng, 

Olmsted, C. T., /Isst. Dean: Mechanical 
O’Shaughnessy, Louis, Director; Math. 
Oswald, C. T., Chairman 
Painter, R. J., Asst, to Sec., A, 8. T, M. 
Palmer, D. M,, Dean; Mech., heat potver 
Palmer, 8. G., Dean 

Paniiska, P. C., Asst. Prin.; Eng. Drawing 
Park, C. P., Director: Mechanical 
Parsons, A. B., Secretary, A.I.M. d M.E. 
Parsons, H, M., Secretary d Registrar 
Patterson, L. L., Dean; Electrical 
Peebles, J. C., Acting Dean; Mechanical 
Pegrnm, G. B., Dean ; Physics 
Pender, Harold, Dean ; Electrical 
Peurlfoy, R. L.. Dir., Civil, hydraulics 
Phelps, J. M., Adm. Coun. 

Pietenpol, C. J., Dean 

Potter, A. A., Dean; Mech., heat power 

Pratt, Charles, Sec. Bd. Trustees 

Prentice, D. B., Pres.; Economics; Meoh. 

Pugsley. J. B., Reg.; Geology 

Ravitz, S. P., Director: Met. 

Raymond, TI. M., President Emer. 

Reber. L. E. 

Rew, Irwin, Trustee 
Ridings, P. O. 

Rlegel, J. W., Industrial Relatioi^ 

Robert, J. M., Dean; Mech., mach. design 
Roberts, Milnor, Dean; Min. Tech, mining 
Robinson, M. B.. Director; Indus.; Mech, 
Rodman, W. S., Dean; Electrical, power 
Rogers, F. A., Dean; Electrical, ilium. 
Rogers, H. 8., Pres.; Civil, hgdraulios 
Russ, David E., President 
Ross, J. A., Dean; Mech., heat power 
Rossi, B. E. 

Rowley, P. B., Director; Mechanical 
Roys, F. W., Mechanioal 
Ruggles, B. W„ Director 
Backett, K. L., Dean Emer.; Indus.; Sun, 
Bavant, D. P., Dean; Electrical, power 
Savllle, Thorndike, Dean; Civil; Sanitary 
Schilling, E. W.t Aotlno Dean 
Schubmenl, R. J.. Acting Dean 
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Sclplo, L. C., Dean; Mechanical 
Seaoury, O. T., Seo.j A. 8o. V. K. 

Searlc, F. E., 8upt. 

Seaton, R. A., Dean; Mech.; Mcch. d Mat. 

SeHBums, R. T., Dean; Civil 

Sexton, P. H., President; Mineral Tech. 

Short, R. L., Principal; Mathematics 

Siepert, A. P., Dean; Education 

Slmmona, A., Dean 

Skiles, W. V., Dean; Mathematics 

Smith, E. D., Master; Industrial 

Snow, C. H., Dean Enter,; Civil, const. 

Sobey, Albert, Director; Industrial 

Spahr, R. U.. Director 

Spence, T. R., V. Dir. 

Spencer, II. L., Pres. 

Spencer, R. L., Dean; Industrial; Mcch. 
Stanton, C. B., Supervisor; Civil 
Stanley, K. R., Acting Dean 
Stembere, S. S.. Dean; Civil, highways 
Stevens, D. S., P&rsonnel Officer; mech. 
Stocker, G. P.. Dean; Civil, structural 
Stratton, L. D., Dean; Chemistry 
Strenbel, E. J., Dean and Registrar 
Strohm, R. T., Dean; Mechanical, refrig. 
Sullivan, G. L., Dean; Mech.; Indus. 
Tappan, P. G., Director; Elec, power 
Taylor, A. L., Electrical 
Taylor, B. P. 

Terrell, D. V., Asst. Dean; Civil 
Thomson, P. A., Pres.; Min. 7'ech., mining 
Thorogood, B. K., Director; Mechanical 
Thresher, B. A., Economics 
Tibbals, C. A., Dean; Chemistry 
Towle, G. W., Coordination 
Trent, <’. E., Manager; Electrical 
Turnbull, W. D., Junior Dean 
Tumeaiire, P. E., Dean Emer.; Civil 
Vagtborg, Harold, Director; Sanitary 
Van Houten, R. W., Asst. Dean; Civil 
Van Leer, B. R., Dean; Civil, hydraulics 
Van Pelt, J. R., Asst. Dir.; Min., geology 
Vaughan. L. L., Acting Dean 
Vivian, R. E., Dean; Chemical 
von Urff, 11. A., Chief Bibliographer 
Wales, R. L., Dean; Mechanical 
Walters, Raymond, President; English 
Walton, T. O., President 
Weidleln, E. R., Dir.; Chem. Chemistry 
Well, Joseph, Dean; Electrical, comm. 
Welscr, Harry B„ Dean; Chemistry 
Werwath, K. O., Registrar; Economics 
Westergaard, H. M., Dean; Civil; Mech. 
Whelan, D. B., Dean; Civil, surveying 
Whipple, G. P.. Director; Sanitary 
White, A. B., Director; Metallurgy 
White, R, A., Head of Eng. 

White, W. C., Asst. Dean; English 
Wickenden, W. E., President; Electrical 
Wilcox, H. G., Dean, Mines 
Wiley, R. B.. Director; Civil; Sanitary 
Wilkinson, F. L., Dean; Mech., heat power 
Willard, A. C., President; Mechanical 
Williams, C. C., President; Civil 
Wllllston, A. L., Prin. Emer. 

Wllmorc, J. J., Dean; Mechanical 

Wilson, C. L., Dean; Mineral Tech. 

Wilson, P. C., Dean 

Winn, C. C., Dean; Mechanical 

Winslow, A. E., Dean; Civil, structural 

Wood, B. D., Director; Psychology 

Woods, J, E., Director 

Woolrlc^ W. R., Dean; Mechanical 

Tonng, C. B., Dean; Civil 

Young, G. A., Mechanical 

Young, W. M., Dean; Electrical, power 

ABMINISTBATOBB—INDUSTBIAL 

Ackerman, A. J., Civil 
Aiken. C. C., Elec.; Mech. 

Andrews, G. O. 


Anderson, N. H., Aeronautics 
Applegate, C. E, 

Atkinson, P. G., Chem.; Mech., Mfg. proo. 

Bacon, G. M., Civil 

Bailey, N. P., Mechanical • 

Baker, E. D., Mechanical 

Barlow, R. W., Dir. Pub. Bel. 

Bass, L. W., Chemical 
Bauer, G. C., Aeronautics 
Bayless, W. A. 

Beach, G. R., Mgr. Per. Dir. 

Behrens, R. G., Mgr. 

Belknap, J. H., Elec.; Ind.; Mech. 
Benjamin, O. G., I'ice Pres. 

Bennett, W. H., Dir. Res. 

Bigelow, J. II., Per. Sup. 

Billings, E. M., Chemistry 
Birch, R. E., Ceramics 
Bishop, W. W., Aeronauflcs 
Bllckensdcrfer, H. 

Booher, E. E., Coll. Rep. 

Boring, M. M., Per. Dept. 

Bose, S. N., Electrical 
Boynton, P. W., Per. Mgr. 

Braeh, E. T. 

Brenton, Walter, Chief*Engineer 
Bridgman, D. S., Electrical 
Brown, W. B„ Electrical, power , 

Buck, A. M., Electrical; Mechanical 
Bnrglund, W. P., Publicity 
Carpenter, Otto, Sup. College Rel. 
Chcsterinan, P. J., Electrical, comm. 
Chilton, T. H., Dir. Tech. Dir. 

Clark, A. N. 

Coburn, Theo. 

Collyer, Norman, English; General 
Colvin, F. H. 

Crosby, L. S., Gen. Per. Supt. 

Condon, E. U„ Physics 
Cushman, P. A. 

Davis, A. P. 

Deller, E. A., Electrical; Physics 
Dibert, II. M., Aeronautics; Sanitary 
Dietz, J. W., Per. Rel. Mgr. 

Dooley, C. R., Mgr. Ind. Rel. 

Downian, W. S. 

Doyle, F. B., Mechanical 
Dudley, B. 

Earle, C. R., Mechanical 
Evans, P. II., Industrial 
Farnharo, G. W., Mgr. Coll. Dept. 
Ferguson, J. L., Plant Eng. 

Ferry, A. L., Br. Mgr, 

Fetherstone, T. C., Mgr. Pub. 

Fleming, A, P., Electrical 
Fletcher, L. J. 

Foote, J. H., Elec, power; Mech. power pi. 

Foss, M. M., President 

Puria, J. J., Industrial 

Glendlnnl^, William, Electrical, power 

Gray, G. H., Electrical 

Green, R. M., Mech. d Mat. 

Hamilton, E. P., President 
Harris, H. B., General, Mechanical 
Heany, A. Mgr. Text-Book Dept. 
Heffner, R. J.. Electrical, communication 
Henney, K., Electronics 
Hotchkiss. C. H. B., Mech., heat power 
Howson, B. T., Vice Pres.; Civil 
Jappe, K. W., Economics; Industrial 
Jensen, G. L., Economics; Mechanical 
Keith, W. B,, Asst, to V. P. 

Kirkpatrick, S. D., Ohemieai 

Kolb, W. K., Civil, surveying; Industrial 

Lambert, L. S., Electrical 

Lane, D. F., Sup. Appren. 

Langsner, Adolph, Ch. Eng. d Supt. 

I^ee, R. Lm Textile 

Leng, R. B., Mfg. Per. ^ 

Lester, Bernard, Asst. Sales Mgr, 
Lewisohn, S. A., Mining 
Long, M. B., Asst. Dir. Puh. 
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Maddison, R. J. 

Manning, U. L. 

Martin, F. F.. Indus. Bel. 

Mason, M. S., Electrical 
McCurdy, H. B., Editor <£ Asst. Mgr. 
McIntyre, L. W., Civil 
Meade, K. A. 

Mills, John, English 

Montague, E. N., Employ. Security 

Morehouse, T. C., Mgr. Coll. Dept. 

Mosher, S. W., Eng. Examiner 

Muir, it. C., Klectncal 

Munut, A. J., Electrical 

O’Brien, E. VV., Electrical; Mechanical 

Oliver, J. C., Beg., Assn. Prof. Eng. 

Parker, J. C., Economics; Elec.; Mech. 

Peery, D. J., Stress Anal. 

I’cndray, G. K. 

Perry, .1 II., Tech. Inv. 

l»rior, T. W., Personnel 

Rath, E. R., Electrical, power; Industrial 

Uccd, K. W., Indus.; Mech., mach. design 

Held. C. T., Dir. Ed. 

Rhodes, T. J. 

Rlker, O. R., Sup. Ext. Tr. 

Rinehart, li. W. 

R(»berts, E. B., Asst, to F. P. 

Robinson, D. I., Personnel 
Saltsor, B. H., Mechanical 
Kcholkiinoff, S. A., Mathematics 
Scliroeder, Wra., Mechanical 
Scarles, C. L., Pub. <£ Civic Bel. 

Skelley, C. L., Assoc. Ed. c 

Smith, M. W., Vice Pres. 

Stace, P. N., Editor 
Stevens, A. C. 

Stevenson, A. R., Elec., power; Mech. 

Stone, R. L., Ceramics 

Swartz, B. K., Psychology 

Tatnall, F. G., Mechanics and Materials 

Thomas, G. B., Per. Director 

Thompson, J. S., Vice President 

Tice, li. \y.. Asst. Mgr. Coll. Dept. 

Triest, R. M., Mgr. Ed. Dept. 

Turner, F. M., ( hemical 

Tyler, B. J., Assoc. Mgr., Coll. Dept. 

Vacha, Fred., Dev, Eng. 

van Wert, L. R., Chief Met. 

Wallace, L. W., Dir. Eng. <£ Beseareh 
Walls, J. A., President 
Walters, J. E. 

Watt, D. M., Pers. Asst. 

Weir, J. J,, Eng. Draw. 

Wiley, W. B., Asst. Mgr. Ed. Dept. 

Wiley, W. O., Chairman of Board 
Wissman, E. E. 

Work, L. T„ Chemical 
Worthington, C. G. 


AERONAUTICS 

Akerman. J. D. 

Alexander, Nicholas, Math. 
Arnold, J. E„ Meeh. d Met, 
Baker, R. D., Heat Power 
Barlow, H, W., Mech. d Mat. 
Barton, M. V., Mechanics 
Blenkush, P. G. 

Brown, P. N. M. 

Coburn, J. M. 

Colvin, F. H. 

Conlon, B. W. 
de liaubenfels, C. R. 

Fraas, A. P., Mechanical 
Gossard, M. L., Civil 
Ilarriui^n, R. P. 

Henry, B. J., Meehanioal 
Ilewitt, C. M., Automobile 
Uiggina, O. J. 

Klemln. Alexander, Meoh. A Mat. 
Kuethe, A. M. 


Lunde, O. 11. 

MacLean, J. A., Mechanical 

Merriam, K. O., Mechanical; Mechanics 

Niles, A. S. 

Parkinson, L. R. 

Pavian. H. C., Mechanical; Meoh. A Mat. 
Pitts, R. G., General; Mech. A Mat. 
Sanford, C. N. 

Slireve, D. R. 

Sinitb, R. H., Mathematics; Physics 
Stalker, B. A. 

Teichmann, F. K., Mech. d Mat. 
Thompson, M. J.. General; Mech. d Mat. 
Tweney, O. H., Mechanical 
Veal, C. B., General; Mechanical 
Weske, .1. R. 

Wickersham, R. O., Mech. A Met. 

Wilson, G. C., Mechanical 
Wood, K. 1). 

Younger, J. E., Mechanical; Mech. d Mat. 

AGRICVLTVKAL ENGINEERING 

Aitkenhead, William 

Ayres, Q. C., Civil 

Bainer, Boy 

Beresford, Hobart 

Boss, Wm., Mech d Indus, Eng. 

Brackett, E. E.. Civil 

l>avidHon, J. B., Mechanical, mach. des. 

French, O. C., Hydraulics 

Hazen, L. E., Drawing 

Kulp, M. R., Civil, hydraulics 

Lehmann, E. W., Electrical 

Long, J. D., Jl/cch. d Mat. 

McKibbon, E. Q., Mech,, refrigeration 
Roe, H. B., Civil, hydraulics 
Schwantes, A. J., Mechanical, mach. des. 
Walker. TI. B., Civil 
White, H. B., Architecture 
Wooley, J. C., Economics 

ARCHITECTURE 

Baumgarten, W. L. 

Beal, Q. M. 

Champion, R. L., Drawing 
Dornberger, W. W., Mech. d Mat,; San. 
Glenn, B. W. 

.Johnstone, B. K. 

Kellogg, J. M. 

Seaver, H. L., History 
Taylor, W. A. 

Q’urner, W. W. 

ARCHITECTURAL ENGINEERING 

Blakeslee, L. R., Mathematics 
Bradshaw, W. L. 

Dietz, A. G.. Mech. d Mat. 

Fitch, A. E., Architecture 
Harris, C. L., Civil, structural 
Holman, L. W., Civil, surveying 
Kimball, A. TI. 

Richardson, L. A., Structural 
Kosclla, E. G. 

Spagnuolo. J. E. 

Sutheriand, L. B. 

Voss, W. C., Civil, const.; Mech. d Mat. 
CERAMICS 


Amberg, C. R. 

Campbell, R. M., Indus.; Min. Tech., mfn. 
Carruthere, J. L. 

Dodd, C. M.. Civil 
Prdchette, V. D. 

Greaves-Walker, A. F. 

King, R. M., Chemical 
Krlegel. W- W.. Min. Tech. 

Merritt, C. W., Uin. Tech, 
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Mobr, J. G., Mining 
Norton, F. U. 

Whlttemoro, J. \V. 

CHEMICAL ENGINEERING 

Bain, W. C.. Metallurgy 
Baker, C. P., Chemiatry 
Baker, E. M. 

Barnes, W. R. 

Barrett, E. C., Chemiatry 
Basore, C. A. 

Bates, II. T. 

Bebie, Jules 

Belsler, VV. H., Chemiatry 

Bishop, F. F., Min. Tech., pet. d nat. gaa 

Bliss, \V. D., Induatrial 

Blumenfeld, II. S. 

Boarts, R. M. 

Borgmann, C. W. 

Bray, J. L., Mineral Tech., metallurgy 
Bright, K. 

Brinker, W. E., Economica 
Brown, G. O. 

Church, J. M. 

Coates, Jesse 

Colburn, A. I*., Chemiatry 

Conrad, F. II. 

Cooley, A. M., Min. Tech., metallurgy 
Coons, K. VV., Metallurgy 
Cooper, A. II., Chemiatry; Mechanical 
Coull, J., Ref rig. 

Crawford, T. S. 

Davison, A. VV., Chemiatry 
Deller, A. W., Patenta 
Deschner, VV. W. 

DeVVItt, C. C., Chem.; Min. Tech., min. 
dreaaing 

Dixon, T. G., Chemiatry 
Dodge, B. F., Chemiatry 
Doody, T. C., Chem.; Phyaica 
Douglass, I. B. 

Drew, T. B. 

Duncombe, C. G., Chemiatry 
Dwyer, O. E. 

Edell, G. M., Mcoh. d Mat. 

Elgin, J. C. 

Ernst, R. C. 

Fairbanks, II. V., Metallurgy 
Faith, VV. L. 

Fisher, R. A., Chemiatry 
Furnas, C. C. 

Gaffney, B. J., Mathematica 
Ganlner. II. S. 

Glesy, P. M., Chemiatry 

Gleeson, G. VV., Chem.; Meoh d Mat. 

Gower, A. H., Mineral Tech. 

Graves, H. E. 

Greene, J. VV. 

Grimth, R. T. 

Giidebskl, H. C. 

Hansllck, R. S. 

Hartsook, A. J., Chemiatry 
Herndon, L. K. 

Hixson, A. VV. 

Hodge, W. W., Min. Tech., metallurgy 
Horton, P. M. 

Hougen, O. A., Chemiatry 
Houston, H. H. 

Hoyt, C. S. 

Huffman, J. R., Chemiatry 
Hunt, L. VV., Chemistry 
Johnson, F. C. 

Kammerm^er, Karl 
Keevil, C. S. 

Keyes, D. B., Chemiatry 

Kinney, G. F., Chemiatry 

Kintner, R. C., Chem.; Min. Tech., metall. 

Knight. O. S.. Chemiatry 

Koehler, W. A., CeramUsa 

Koenig, L. A., Chemiatry 


Koffolt, J. II. 

Kohler, A. S., Chemiatry 

Koth, A. VV., Min. Tech., metallurgy 

Kowalke, O. L. 

Kunz, R. J. F., Chemiatry 
Larlan, M. U. 

Lauer, B. E., Chemiatry 
La vine, Irvin 
Lewis, VV. K. 

Lindsay, J. D. 

Lltkeiihous, E. E. 

Livingood, M. D. 

Lorah, J. R. 

Lovell, C. li., Chemiatry 
Ludt, R. VV. 

Lnebbers, R. H., Sanitary 
Luke, C. D. 

Lukens, H. S., Chemistry 
Machwart. O. .M. 

Malakoff, H., Chemiatry 
Mann, C. A., Chemistry 
Marlles, C. A. 

Martin, J. .1. 

Mason, J. VV. 

McAdams, VV. H. 

McCormack, Harry • 

McCormack. R. II., Chemiatry ; Economica 
McGrady, D. D. 

McLain, Stuart 
McLaughlin, R. R. 

McMlllen, E. L. 

Miller, C. O. 

Molstad, M. C., Economics 
Montlllon, G. IT. 

Morgan, J. C., Coordination 

Morgan, J. ,1., Min. Tech., pet. d nat. gaa 

Morgen. R. A., Chemistry 

Murphy, N. F., Chemiatry 

NIckolls. C. L. 

Oberg. A. G. 

Oden, E. C. 

Ogbiirn, S. C., Chemistry 
Olin, H. L. 

Olsen, J. C., Chemiatry 

Olhmer, D. F., Chemiatry; Induatrial 

Othnier. M. E. 

Overcash, R. L. 

Peck, R. E., Phya 
Perry, J. H., Economics 
I’etrle, .T. M.. Chemiatry 
Pettyjohn, B. S. 

Phillips, .T. B., Chemistry 
Pierson, W. N. 

Porter, D. J., Chemiatry 
Prlen, C. II. 

Radasch, A. H. 

Ragutz, R. A. 

Randall, Chemiatry 
Randolph, E. E. 

Rhodes, F. H. 

Rich, R. E. 

Rogers, B, R., Ohem.j Min. Tech., metall, 
Riishton, J. H. 

Ruth. B. F. 

Schaffner, R. M., Min, Tech., metallurgy 
Schoenborn, E. M. 

Schommer. J. J., Industrial; Sanitary 
Sebrenk, VV. T., Chemistry 
Schutz, P. W., Min. Tech. 

Seely, J. F. 

Sherman, G. VV'., Phyaica 
Shires, L. B. 

Shreve, R. N. 

Simons, H. P. i 

Sweeney. O. R. 

Taylor, P. M. 

Vllhrandt. P. C. 

Walker, C. A. 

Ward, il. T. •• 

Waterman; H., Chemiatry 
Webber. H. A. 
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White, A. H., Metallurgy 
White. G. B. 

VV'hltc, John, Chemistry 
Whltwell, J. C. 

Wilhelm,). B. J. 

Wilhelm, It. II., Chemistry 
Williams, G. C., Metallurgy 
Wilson, E. D., Chemistry 
Winding, C. C., Chemistry 
Withrow, James R., Mineral Tech. 
Zimmerman, O. T. 

CHEMISTRY 

Albright, P. S., Surveying 
Arenson, S. B., Chemical 
Bneker, L. H., Chemical 
Ball, T. R. 

Bartow, Edward, Chemical 
Baxter, R. A., ('hem.; Min. Tech. 
Bourgoln, L., Economics 
Bradt, W. K., Chemical 
Brais, K., Chemical 
Braiitlccht, C. A., Chemical 
Cudy, L. C., Chemical 
Carson, C. M. 

Dlsque, F. C., Mathematics 
Durkeo, P. W. 

Ebaugh, W. C. 

Fenton, C. L., Electrical 
Freud, B. B., Chemical; Physios 
Gibson, George 
Gray, J. C, 

Haenlsch, E. L., Chemical 
Hanson, R. S., Chemical 
.Ioffe, Joseph, Mathematics; Mechanics 
Kenny, P. J. 

Komarewsky, V. T. 

^IfCoy, J. B., Chemical 
Osferhof, O. O. 

Quagllano, J. V., Physics 
Riffenhnrg, 11. B., Chemical; Sanitary 
Russell, J. J. 

Slinard, J. M., Min. Tech. 

Smith, O. M, 

Slewart, V. T., Mathematics; Physics 
Strong. K. K., Chemical 
Supplee, L. P. 

Wngner, B. F. 

Walker. S. B., Eng. Dr. 

Wasley, W. L. 

Znffanti, S. 


CIVIL ENGINEERING 

Abbott, R. W., Structural, hydraulics 
Abbott, Robinson, Strue.; Transportation 
Aekenhell. A. C., Mech. A Mat. 

Adams, T. C., Structural; Surveying 
Aik in, n. B., Surveying; Meoh. A Mat. 
Albert, Odd, Structural: Hydraulics 
Aldrich, M. H., Surveying; Trans. 

Allan, William, Hydraulics 
Allen, C. P., Transportation 
Allen, Chester L., Hydr., Mech, A Mat. 
Allen, R. B., Structural; Construction 
Allison, W. H., Structural; Mech. A Mat. 
Almy, L. B. 

Andersen, Paul, Structural 
Anderson, John, Surveying; Hydraulics 
Ashton, M. B^ Surveying 
Anbert, Bro, I., Mech. A Mat. 

Babcock, J. B., Trans.; Constr. 

Bagley, J. W., Mathematics 
Bakhmeteff, B. A. 

Bantel, B. C. H., Surveying; Sanitary 
Barclay, Leland 

Bnrdsley. C. B., Bean.: General 

Barker, C. L., Hydraulics 

Barnes, F. A., Transportation; Constr. 

Barnes, G. B.^Hydraulias; Sanitary 

Barrows, B. k., Hydrmlies 

Bass, Frederic 


Bauer, B. B., Construction 
Bauer, J. V., Arch. Eng. 

Buuwens, G, O. 

Becker, ». A., Surveying; Eng. Drawing 
Begg, fe. B. H. 

Bela, C. J.j Surveying; Hydraulics 
Boniord', W. R., Hydraulics; Sanitary 
Benkert, H. N., Structural; Construction 
Bennett, E. P., Soil Mech. 

Bennett, U. P. 

Bennett, J. G. 

Benson, P. J., Structural 

Berkel, H. J., Surveying; Eng. Drawing 

Berry, B. P., Structural; Mech. A Mat. 

Berry, II. C., Construction 

Bird, H. C., Structural; Transportation 

Bishop, C. T., Structural; Construction 

Blxby, P ,L., Surveying 

Black, R. P., Surveying; Transportation 

Boon, L. P., Surveying 

Borgqulst, B. S.. Ilydraulies; Sanitary 

Bouchard, Harry, Surveying 

Bowler, B. W.. Hydraulics 

Bowman, H. L., Structural; Mechanics 

Boyd, Alfred, Structural; Hydraulics 

Bradshaw, Q. W. 

Bramer, C. R., Hydr., Struc. 

Brater, B. P„ Hydraulics 
Breed, C, B., Transportation 
Brinker, R. C., Structural; Hydraulics 
Broniilow, P., Eng. Dr. 

Brothers, I,. A.. Structural; Surveying 
Brown, R. T., Structural; Construction 
Brumfield, R. C., Struc.; Mech. d Mat. 
Brust. A. W., Mech. A Met. 

Bulger, J. W., Structural; Mech. A Mat. 
Burmister, D. M., Soil Mech. 

Busse, P. A. 

Butler, J. B., Transportation 

Cnnip, C. S., Sanitary 

Carey, C. O., Surveying 

Carlton, B. W., Structural; Surveying 

Carpenter, S. T., Struc.; Construction 

Carter, H. S. 

Cartier, L., Hydraulics 
Casngrande, Arthur, Soils 
Castleman, P. L., Struc.; Mech. A Mat. 
Caiighey, R. A., Structural; Mech. A 
Mat. 


Chaderton, J. C. 

('Imniberlain, J. J., Mech. A Mat. 
Chambers, A. L., Struc.; Construction 
Clark, G. W., Surveying; Hydraulics 
Clarke, B. L., Sanitary 
Clickeiier, C. K.. Sanitary 
Coddlngton. B. P.. Surveying 
Codwlse, n. R., Survey.; Transportation 
Collard, A. A., Aero. 

Collier, I. L.. Surveying 
Comlns, II. D., Mechanics and Materials 
Compton, II. B., Structural; Meoh. A Mat. 
Conkling, L. D., Hydraulics; Const. 
Conley. II. G., Struc., Survey. 

Conrad, L. B., Structural; Construction 
Constant, F. H. 

Copeland, R. M., Hydraulics 
Costa, J. J., Structural 
Cottliigham, W. S., Structural; Mech. A 
Mat. 

Cox. O. N., Hydraulics; Mech. A Mat. 
CrAbtree, P. H., Transportation; Constr, 
Crawford, I. C.. Jr., Sanitary 
Crawford, W. W., Sanitary 
Cross, Hardy 

Cnnnlnt^am, C. W., Structural 
Cnrtls, D. D., Hydr.; Mech. A Mat. 
Cutler, A. S., Surveying; Transportation 
Dake, B. D., Mech. A Mat. 

Davidson, A. J., Mech. A Met, 

Davis, C. Vu Economies 

Davis, H. B., Struoturul; Meoh. A Mot. 

Davis, B. B., Btruoturatj Mech. A Mot. 
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Dawson, J. II., Sanitary 
Dawson, K. F., Soil Mech. 

Dean, T., AeronautioH 
Dell, O. Hm Structural; Survepinff 
DeMojrer, Robert, Struc.; Mech. it Mat. 
Derlcth, Clias., Structural 
Diefendorf. A., Transportation; Conatr. 
Dodds, J. Surveying 

E. U., JJydrauiica 

Dull, Theodore, Structural; Construction 
Doty, L. D., Jlydraulica; Economics 
Douglas, M. S., Structural; Surveying 
Downing, It. L., Hydraulics; Sanitary 
Downs, VV. S., Trans. 

Drager, P. B., Surveying 

Drum, M. L., Surveying; Mathematics 

Duke, C. M., Struc. Survey. 

Dunham, C. W., Structural 

Dunlop, J. A., Surveying 

Dunn, C. A., Structural 

duPlantler, D. A., Struc.; Mech. <£• Mat. 

Durst, R. C., Surv., trans. 

Earnest, G. B., Sur.; llyd. 

Eckel, C. L., Structural; Architectural 
Elchler, J. O., Mech. d Mat. 

Elbln, G. H., Structural; Mcch. Mat. 

Ellis, C. A., Structural; Mathematics 

Ely, J. A., Transportation 

Emmons, W. .T., Construction 

Eney, W. J., Structural; Eng. Drawing 

Engle, B. D.. Surveying ; Eng. Drawing 

Evans, W. S., Structural 

Falrcloth, J. M., Sanitary 

Farnham, C. S., Surveying 

Ferguson, P. M., Structural; Construction 

Flllion, 8. 11., Structural; Min. Tech. 

Finch, S. P. 

Flinsch. H. V. 

Flynn, B. 0. 

Pocht, J. A., Surveying 
Fontaine, J., Surveying 
Foote, P. 8., Railroad 
Foss, R. .1. 

Pox, F. 11., Surveying; Transportation 
Fox, R. M., Structural; Transportation 
Frazier. P. F., Transportation 
Fred, W. I., Hydraulics 
French. A. W., Structural 
Friedrich, L., Structural, Surrey. 

Frost, D. C., Surveying 
Puller, A. H,, Structural 
Gallcn, ,1. J., Mathematics 
Garnet, M. B., Surveying; Hydraulics 
Gardner, It, A. 

Garner, C. L., Structural; Survey. 
Garrelts, J. M., Structural; Mech. <£ Mat. 
Gaylord, C. N,, Structural; Mech. <£ Mat. 
Gaylord, E. H., Structural; Mech. <fi Met. 
Gehrig, A. G., Structural 
Geyer, J. C. 

Gifft, H, M., Sanitary 
Giles, R. V., Hydraulics: Sanitary 
Glllan, G. K., Structural; Mech. d Met. 
Glenn, II. E., Mech. d Mat. 

Gram, L. M., Structural; Construction 
Gramstorlf, E. A., Struc.; Mech. d Mat. 
Grandlienard, E. T. 

Granger, A. T., Mech. <£ Mat. 

Grasso, S., Hydraulics 
Graves, Q. B., Survey., Hydraulics 
Gray, H., Mathematics 
Greenshields, B. D., Transportation 
Greve, F. W., Hydraulics 
Grililth, D. M., Structural 
Guernsey. Structural 
Gunder, D. F., MecJi. d Mat. 

Haertlein, Albert, Structural; Surveying 
Haines, D. !>., Agricultural 
Hanrahan. F. J.. Structural; Constr. 
Hanson, T. C,, Hydraulics 
Harding, G. 11., Surveying 


Hargis, A. B., Sanitary 
Harkness, D. H., Surveying; Trans. 
Harlow, H. G. 

Harris, E. C., Struc. Hydr, 

Hartman. Paul ' 

Hathaway, A. 8 ., Surveying; Sanitary 
Haynes, H. G., Engineering Drawing 
Henderson, J. M., Mech. d Mat. 
Hendrick, T. K. A., Struc.; Hydraulics 
Heunes, It. G., Mech. d Mat. 

Illtchoock, W. W., Surveying; Trans. 
Iload, \V. C., Hydraulics; San. Eng. 
Hoadley, Anthony, Structural 
Hoffman, O., Mech. d Mat. 

Ilolmberg, C. 11. 

Holmes, F. B., Surveying; Hydraulics 
Holt, A. II., Surveying; Structural 
Honour, W. M., Mcch. d Mat. 

Hooper, W. T. 

Horan, F. W., Structural; Sanitary 
Hoiik, II. II. 

House], W. S., Structural; Mech. d Mat. 
Howard, J. W., Surveying 
Howe. .1. W., Hydraulics 
Ilubler, ,1. W., Mech.^ Mat. 

Hume, Wm., Drawing: Mech. d Mat. 
Huntington, W. C., Mcch. d Mat. 
Huntley, P. C.. Mech. <6 Mat. ' 
Ilurtubise, ,1. E., Mcch. <£ Mat. 

Hutchins. It. E., Hydraulics 
Hutchison, A. W., Hydraul: Mtch. d Mat. 
Ives, H. C., Transportation 
.Tacoby, H. 8., Structural 
.lakkula, A. A» Structural; Mech. d Mat. 
Jamieson, R. E., Struc.; Mech, d Mat. 
Janssen, A. S.. Structural; Mech. d Mat. 
Jennings, R. T., Struc.; Survey. 

Jensen, C. D., Structural; Surveying 
Johnson, A. It., Structural 
Johnson, R. C., Hydraulics; Structural 
Jones, D. K. 

Kallnske, A. A., Hydraulics; Mech. d 
Mat. 

Kampmeler, It. A., Hydraulics 
Keith, G. M„ Drawing 
Kelly, J. W., Mech. d Mat. 

Kemmer, L. H., Surveying 
Kennurd, 11. J. 

Kepner, II. R.. Structural; Mcch. d Mat, 
Kcrekes, Frank, Structural 
Kesler, M. 8. 

Kesner, 11. J., Structural; Hydraulics 
Kessler, I,. U., Hydraulics; Sanitary 
Ketchum, iM. 8., Structural 
Kiernau, C. J. 

Kimball, W. P., Construction 
Kindle, C. H., Structural 
King, E. E., Railway 
King, R. 

Kinney, J. 8., Sanitary 
Klssam, Philip, Survey.; Transportation 
KIttredge, R. B., Transportation; Survey. 
Kleinschmldt, It. B., Mathematics 
Knight, A. J., Structural; Surveying 
Kozlowskl, E.. Mech. d Mat, 

Krefeld, W. J., Structural; Mech. d Mat. 
Krefeld, VV. J., Structural; Consiruction 
Krynine, D., Structural 
Lagaard, M. B., Drawing 
Tiambe, C. M. 

Dambert, B. J., Structural; Construction 
Landon, R. D., Hydraulics; Mech. d Mat. 
Lane, E. W., Hydraulics 
Large, G. E.. Mech. d Mat. 

Larson, Alvin, Structural 
LnRue, H. A. 

Latimer, C. A^ Draw.; Math, 

Lefavour, R. W., Surveptt; Mech. d Mat. 
Legault, A. R. 

Legget, R. F. 
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Leister, J. S„ Transportation 
Lendall, H. N., Hydraulics; Sanitary 
Lenz, A. T., Hydraulics 
I^eonard, S. J., Surveying; Hydraulics 
Leroer, S., Struo., Sur. 

Lewis, B. L., Mech. d Mat. 

Llndeman, M. F., Structural 
Little, VV. B. 

l^lttloton, E, P., Structural; Mcch. d Mat. 
Lohr, W. S., Structural; Mcch. d Mat. 
Lornmel, G. H., Surveying 
Looney, C. T. G., Struo.; Mech. d Mat. 
Lowe, T. 'M., Hydraulics; Sanitary 
Luther, H. B. 

MncAlphlne, D. M., Struo.; Hydraulics 
MacLean, E. A., Structural; Mech. d Mat. 
Mniiis, L. P., Structural; Mech. d Mat. 
Maney, O. A., Structural; Mech. d Mat. 
.Mann, C. L., Structural 
Marshall, O. .T., Mathematics 
Marston, G. A., Surveying; Hydraulics 
Martin, P. L., Physios 
Matzke, A. E. 

Miiiigh, L. C., Mech. d Mat, 

Mavis, F. T., Hydraulics; Structural 
McCain, D. M., Structural; Economics 
McCandllsa, L. C., Surveying; Hydraulics 
McCarthy, J. A., Hydraulics 
McCaakey. A. E., Oencral 
McCnMongli. P. M.. Struc; Mcch. d Mat. 
McParlan, H. .T., Surveying 
McFarland, R, A., Surveying 
McLaurlu, Banks, Mech. d Mat. 

McNair, A. .T., Surveying; Mech. d Mat. 
McNew, J. T. L., Economics 
McNown. W. C.. Highway 
JlcRco, P. L., Transportation 
Mead, D. W., Hydraulics 
Merryfield, Fred, Hydraulics; Sanitary 
Meyer, C. P.. Surveying; Sanitary 
Mickey, C. E., Mech. d Mat. 

Mlddlfeton, B. V. 

Miles, n. J., Shop 

Miller, A. L., Structural; Mech. d Mat. 
Miller, C. A., Structural; Hydraulics 
Mindlin, R. n.. Mechanics and Materials 
Minnlch. J. H., Mech. d Mat. 

Minshall. R. B., Structural; Construction 
Mlrahelll, Eugene, Struc.; Aeronautics 
kflrgaln, P. C., Survetfing, hydraulics 
Mitchell, P. B. 

Mltsch, J. D., Struc., Survey. 

Mockmore, C. A.. Hydraulics 

Moody, H. W., Physics 

Moore. B. B., Structural ; Mech. d Mat. 

More. C. C.. Structural 

Morris, C. T., Structural; 3fcch. d Mat. 

Morris, P. C. 

Morris, H. M.. Structural 
Morrison, R. L., Transportation 
Morse, R. P., Structural; Surveying 
Mota, C. C., Struo.; Surveying 
Moyer, R. A., Transportation 
Munson, T. A., Hydraulics; Sanitary 
Murdlchlan, K. K., Mech. d Mat. 
Murdough. J. H.. Structural 
Murphy, L. .7., Sanitary 
Mylrea. T. D.. Structural; Mcch, d Mat. 
Newton, Dudley, Structural; Surveying 
Nothstlne. L. V. 

Nowickl. A. L., Sanitary ^ 

Oakey. .7. A., Surveying; Transportation 
O’Connell, D. J.. Mech. d Mat. 

Oleson, C. C., Mechanics and Materials 
Oliver. W. A., Structural; Mech. d Mat. 
Olsen. G. A. 

Ondyke. J. B.. Construction; Drawing 

ORonrke, C. E., Btrueturea 

Osborn, J. R., Surveying 

Ostrom, C, D. V., Sanitary 

Otter, J. V., ConatruoHon ; Eng. Dratving 


Owen. R. S^;, Surveying 

Palsgrove, G. K., Hydraulics; Mechanical 

Park, J. C., Surveying; Transportation 

Parkhlll, G. W., Surveying; Hydraulics 

Patten, W. E., Hydraulics 

Faustian, R. G., Survey,; Transportation 

Pearce, P. W., Surveying; Mathematics 

Penn, J, C., Surveying 

Pennock, O. P. 

Perez, Lawrence, Hyd.; Mech. d Mat. 
IVrry, J. B., Transportation 
Person, H. T., Mcch. d Mat. 

Peterson. P. G. B., Mcch. d Mat. 

Petty, B. II., Transportation 

Pickets, G. W., Hydraulics 

Plllet, P. B’ Sanitary 

Phinimer, P. D., Struc.; Architectural 

Polklnghorne, W. C., Struo.; Constr. 

Pope, L. C., Structural; Transportation 

Posey, C. J., Structural; Hydraulics 

Praeger, Emil 

Prentice, T. H. 

Prior, John, Sanitary 

Puffer, L. B., Hydraulics; Sanitary 

I’ulver, H. E., Structural; Mech. d Mat. 

Rader, L. F., Transportation; Constr. 

Raeder, Warren, Structural 

Ramberg, B. G. P., Mech. d Mat. 

Rathbun, J. C., Mcch. d Mat. 

Huyner, W. H.. Mcch. d Mat. 

Reed, P. L., Structural; Surveying 
Reese, R. C., Structural; Architectural 
Reynolds, K. C., Hydraulics 
Rhodes, P, H., Structural 
Rhodes, L. S., Surveying; Hydraulics 
Rice, P. P., Surveying; Transportation 
Richmond, A. E., Structural; Surveying 
Riedescl, G. A.. Surv., Constr. 

Rlzzl, A. V., Surveying 
Rnhhins, A. O. 

Robbins. P. II. 

Rockwell, E. H., Struc.; Mech. d Mat. 

Roehrlg, G. P.. Structural; Mech. d Mat. 

Koos, P. K., Surveying 

Rose. P. O., Drawing; Mech. and Mat. 

Rose, F. W., Surveying 

Rose, W. A., Structural; Mech. d Mat. 

Roth, C. 0., Surveying; Transportation 

Rubey, Harry, Survey.; Transportation 

Russell, F. A., Transportation; Constr. 

Rutledge, P. C., Mech. d Mat. 

Rutter, M. L. 

Ryckmau, S. J., Sanitary 
Ryon, L. B., Structural, Constr. 

Sadler,' W. C., Transportation 
Sandstedt, C. E., Structural 


Santry, I. W. 

Saxton, R. G., Trans.; Hydraulics 
Schoder, E. W., Hydraulics; Constr. 
Scofield, H. H.. Testing Mat. 

Scofield. W. F., Struc.; Hyd. 

Scott, E. O., Mechanics 

Shank, ,7. R., Structural 

Sharp, II. O., Surveying; Transportation 

Shaw, G, R., Survey., Trans. 

Shedil, T. C.. Structural 

Sheiry, B. S., Structural 

Sherlock, R. H., Structural; Constr. 

Shuts, W, Ii., Structural 

Short, W. I., Surveying; Drawing 

Shuman, E. C., Mech. d Mat. 

Simpson, W. M., Structural 
Sims, C. E, 

81ms, J. R., Drawing 
Skelton, R. R.. Struc., Trans., Oonatr. 
Smith, Alva L. , « , 

Smith, P. M., Surveying; Eng. Drawing 
Smith, G. I. 

Smith, T. D. 

Smith, W. S., Surveying; Eng. Dr. 
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Snader, D. L., Struc.; Hydr, 

Snyder, M. K., Structural; Sanitary 
Spears, S. M., Structural; Surveying 
Spelden, H. W., HydrauUot; Sanitary 
Spencer, W. It. 

Springer, O. P., Trane.; Surveying 
Spry, F. J., Surveying 
Squire, E. J., Structural 
Staley, H. R., Bldg. Conatr. 

Stanley, R. L. 

Steinnian, D. B., Struc .; Architectural 
Stevens, R. L., Struc.; Transportation 
Stewart, L. O., Survey.; Transportation 
Stocking, E. J., Personnel 
Straub, L. G., Structural; HydrauUoa 
Slreeter, V. L., Mech. d Mat. 

Stubbs, F. W.. Structural; Conatruotion 
Sumwalt, R. L., Structural; Surveying 
Sutherland, Hale, Structural 
Swanson, H. A., Struc., Survey. 

Sweetser, K. O., Structural; Canatruction 
T’ang, C., Struc., Hydraulioa 
Taylor, A. !>., Mech. <£ Afot. 

Taylor, D. W., Soil Mechanics 
Taylor, F. M., Surveying 
Taylor, W. C.. Surveying; Sanitary 
Thatcher, R. Y., Trana.; Bconomica 
Theroux, P. R., Sanitary 
Thoman, W. H., Mech. rf Mat. 

Thomas, F. 

Thomas, H. A., Hydraulics; Sanitary 
Thompson, H. L., Sanitary 
Thompson, J. T„ Struc., Trana. 
Thompson, Sophns. Struc.; Mech. d Mat. 
Tlmby, E. K., Struc., Conatr. 

Todd, M. W., Suri'eying 
Tomlinson, G. E., Construction 
Tracy, J. C. 

Trezlse, F. W., Drawing 
Trlvely, I. A. 

Trowbridge. D. S.. Survey.; Mech. d Mat. 
Troxwell, G. P., Mech. d Mat. 
Tschebotarloflf, G. P., Soil Mech. 

Turner, A. S. 

Uhler, B. H., Structural; Mech. d Mat. 
Underwood, P. II., Surveying; Math. 

Van Buren, M. H., Struc.; Mech. d Mat. 
Van den Broek, J. A., Struc.; Mech. d 
Mat. 


Van Driest, E. R., Aeronautics 
Van Hagan, L. P., Bconomica 
Van Orniim, J. L. 

Vawter, ,T., Structural 
Veit, R. C., Stniotwral 
Velz, C. J., Sanitary 
Vlllemonte, J. It., Hydr., Conatr. 
Wagner, W. O., Hydraulics 
Walker, S. B.. Patents 
Walthcr, C. H., Structural 


Wandmacher, C.. Structural 
Watts, C. T., Drawing 
Watwood, V. B. 

Weaver, F. N., Mech. d Mat. 
Weeden,^H. A., Mech. d Mat, 

Welch, F. W., Surveying 

Wells, M. B» Structural; Aeronautics 

Wendt, W, B., Conatruotion 

Wessman. H. B., Structural; Conatr. 

Whlsler, B. A., Sanitary 

White. J. R., Mech. d Mat. 

White, E. R. 

White, li. V., Burveyina 
White, K. P., Architectural Eng. 
White. M. P. 

Whitehead, L. W., Surveying 
Wllbor, J. B., Structural 
Wiley, C. C., Transportation 
Wlllfams, B. B., Drawing 
Wlllhima, J. P. J., Hydraulics 
WlllUuns, J. W. 


Willlg, W. L., Surveying; Structural 
Wllsey, B. F. 

Wilson, D. M., Structural 

Wilson, F. C,. Sanitary 

Wilson, F. W., Structural * 

Wilson, W. B., Hydraulioa: Mechanics 

Wilson, W, AI., Structural; Mech. d Mat. 

Winfrey, R., Valuation 

Winn, H. F., Mech. d Mat. 

Wlnterkorn, H. F., Soils 
Wlskocll, C. T., Struc.; Hyd. 

Wltmer, F. P., Structural 
Wood. 11. W., Mech. d Mat. 

Woodburn, J. G.. Hydraulics 

Woodward, S. M.. Hydraulics 

Worley, J. S., Transportation 

Wray, R. C., Structural; Mech. d Mat. 

Wright, C. A., Hydraulics; General 

Yasines. S. F., Math.-; Mech. d Mat. 

Young, B., Surveying 

Zelner. O. S., Surveying 

Zlpprodt, R. R., Structural; Construction 

ECONOMICS 

« 

Brozen, Y., Chemistry 
Bowman, I). (). 

Cooley, H. B., Civil, transportation 
Davey, H. W., Social Science 
Ennis, W. !>., Ind. Eng. 

Garrett, S. S. 

Goetz, B. B., Industrial 
Grant, B. L., Civil; Industrial 
Hastings, II. B., Industrial 
Larkin, .T. D., Pol. Science 
Llndemann, A. J., Industrial 
AlcKenry, Nell 
Aliller, Nathan 

Palmerton, L. H., Eng.-Soeial Soi. 
Peterson, A. 1., Industrial; Mechanical 
Schwelgor, A. J., Oovernment d Buaineaa 
Scrimshaw, Stewart 
,Simon, 11. A.. Political Science 
SImonds, R. H., Industrial 
Van Winkle, K. H. 

Watson, W. S., Psychology 
Wright, R. V., Citizenship 

ELECTRICAL ENGINEERING 

Adams, F. J., Power 
Ager, R. W., Power 

Ahlqulst, R. W., Power; Communication 
Albert, A. L., Communication 
Alliason, A. R., Power; Communication 
Allured, R. B. 

Anderson, H. W., Communication; Math. 
Andres, P. G., Communication 
Angerman, W. G., Power 
Armstrong, B. H., Communication 
Arnett, L. C. 

Attwood, S. Sm Physios 

Ayres, B. D., Power; General 

Baccus, I. B., Power 

Bailey, B. F., Power 

Balsbaugb, J, C., Power 

Barrows, W. B., Power; Illumination 

Barry, J. G., Physics 

Bauer, W. M., Power; Communication 

Baum, Harry, Power 

Beach, RoMn, Power; Illumination 

Beam, R. B., Communication 

Beatty, F. B., Power 

Beaver J, L., Power 

Beck, L. By Power 

Benedict, R. R., Communication 

Bennett. Bdwai^, Poieeiy Oommun. 

Bennett, R. D.. PhyeUw * 

Benson, A., Power 
Bernier, J. C,. Physios 
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Bfiwipy, L. V., Power 

Bibber, H. W., Power; Math.; Phyaica 

liiiigham, L. A., Power 

Blalock, G. C., Power 

Bliss, W. H., Communication 

Boast, W. B., Power Ilium. 

Bowles, B. L.. Communication; Indua. 

Bowman, J. H., Power 

Branch, W. H., General 

Breanecke, C. G., Vommun.; Phyaica 

Brenton, Walter 

Bronwell, A. B., Vommun. 

Brooks, Morgan 
Brown, A. S„ Power 
Brown. C. W., Communication 
Brown, Hugh, Power, Comm. 

Brown, W. F., General 
Browne, W. H., Power; Illumination 
Bryant, J. M., Power; Illumination 
Buchanan, R. O. 

Biieche, H. S. 

Bullen, C. V., Power 
Biirean, E. A., Power 
I’nge, J. M, 

GalclwoU, F. C., Illumination 
Calvert, J. F.. Power 
Canavaciol, F. E., Communication 
Canfield, D. T., Power 
(’annon, J. H., Power, Comm. 

Caparo, J. A., Mathematics 
Cardoso, A. C. 

Carr, C. C.. Power 

Cartland, F. W.. Power 

Cassell, W. h.. Communication 

Caverley, L. C., Power 

Cherry, C. B., Drawing: Mathematiea 

Clark. B. B.. Power; Communication 

('lark, I. C., Power 

Clements. S, E. 

Cleveland, G. F., Engineering Drawing 
Cohine. J. D., Power 
Conover, L. .T. 

(’onrad, A. G., Industrial Administrator 
Cooke, S. P. 

('oover, M. S.. Power 
Corcoran, G. F.. Power 
Cory, M. M., Power 
Crabtree, K. G. 

Creager. P. S.. Power 
Creamer, W. J., Communication 
Credle, A. B.. Communication 


Creese, M., Power 
Cromwell, P. C.. Power 
Curry, W. A.. Power 
Dahl, O. Q. C., Power 
r>nle.v, J. L. 

Bawes, C. L., Power 

Hawes, Is. M.. Power; Industrial 

Dawson, C. H., Mech. A Mat. 

Decker, F, A.. Mech. A MaU 
Dennison, B. C., Power 
Dillingham. .H. C., Communication 
Dixon, H. S., Illumination 
Doggett, L. A., Power 
Douglas, J. F. H„ Phyaica 
Dow. W. O.. Phyaica 
Dreese, B. B. 

Dudley, A. M., Power 
Dunn. C, H. 

DuVnll, W. C.. Power 

”yehe, H. B., Power . 

Eastman, A. V.. Power 

Edison. O. B., Power; Illumination 

Edson, W. A., Power; Comm. 

Blltthom. H, E., Communioatton 

Emrick. P. S. 

Bsslgmann, M. W.. Mathematiee 
Evans, 8. 0.,Powir 
Everltt, W. 1 j., Communication 
Ewing, D, D., Power 
Falrbutti, A. J. B.. Power 




Faucett, M. A., Power 
Fawcett, C. D., Power; Illumination 
Fiedler, G. J., Communication 
Fife, 8. T,, Power; Communication 
Fischer, D. A. 

Fish, F. A., Power 
Fishman, S. 

Fitzgerald, J, A. 

Foltz, L. S., Power; Illumination 
Ford, W. S. 

Forman, A. II., Illumination 
Foster, B. 8., Mech. A Mat. 

Fouraker, L. L., Illumination 
Fouraker, R. 8. 

Frame, F. l-I., Power 

Frazier, R. H,, Power 

Freeman, B. H., Power 

Fuller, L. F., Power; Communication 

Gafford, B. N., Power 

Galbraith, K. A., Power 

Gamble, W. II., Communication 

Garrahan, C. J., Communication 

Gibson, R., Power 

Glasgow, K. 8., Communication 

Glenn, Iv. B., Communication 

Goddard, E. G., Power 

Goldsmith, A., Power 

Goodheart, C. F., Power 

Gorham, U. C., Power; Economics 

Govier, C. E., Communication 

Grand!, L. L., Power 

Graves, 11. B. 

Gray, T. 8., Blectronica 

Gray, W. F., Illumination 

Greenslein, Philip, Communication 

Gregory, C. A., Power 

Gross, 10. T. B., Mathematiea 

Guse, C. B.. Power 

Hall, W. B.. Power; Communication 

Hamlin, E. W.. Communication 

Hanstein, H. B., Power 

Harness, G. T., Power 

llartig, il. E.. Communication 

Hattrup, H. B. 

Haupt, li. M., Power 
Hayward, H, N., Power 
Hazen, H. L., Power 
Heath, B. B., Power 
Henderson, U. B., Power 


Henry, M., Power 

Hertzler, B. A., Communication 

Hess, n. M. 

Hessler, V. P., Power 

Hibshman, N. S., Power 

Hlgble, li. H., Illumination 

Higgins, T. J., Power 

Hill, A. St. J., Power 

Hoadley, G. B., Mathematics; Physics 

Hobson, J. E. 

Hodge, C. A., Power 

Hodglns, L. J., Power 

Holland, L. N., Communication 

Hollister, V, Is., Power 

Holmes, L. C., Power 

Holt, C. B., Power; Mathematiea 

Holtby. F. 

Hoover P. L.J, Power; Mathematics 

Horn, U. W., Power; Illumination 

Hovey, B. K., Power 

Howell, A. n.. Power 

Howes, D. B., Communication 

Hudson, P. K., Phyaica 

Huffman. H. F., Power; Illumination 

Hughes, M. Cm Power 

Hull, R. H., Power; Communication 

Hunt, O. 0., Illumination 

Irland> G. A., Power; Communication 

Jackson, D. C., Power 

JackBOn, F. D., Communiootion 

Janes, C. W., Mec^nUtal 

Jansky, C. M> 
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Jc'ukina, D. R. 

Jauklna, 11. M., Eoonomioa 

J«wett, F. B., Commun.; tnd. Adm. 

Johnaoii, E. W., Power; Illumination 

JoliUBon, J. II., Power; Illumination 

Jones, E. C., Power 

Jones, B. W., Machine Design 

Jordan, 11. U., Power; Illumination 

Jordan, Wm., Physics 

Jorsenson, L. M., Power; Physics 

Kninmerman, J. 0 ., Power 

Karr, J. II., Power 

Kobernlck, O. C., Power; Math. 

Keever, L. M., Power 
Keith, O. M. 

Kelso, L. E. A.. Power* 

Kerchner, R. M., Power 
Kitnbark, B. W., Power 
King, Morland, Communication 
Kingsley, O., General 
Kinney, B. B., Power 
Kinslne, C. L., Power 
KloeflUer, R. Q. 

Knight, A. R., Power: Illumination 
Knlumeyer, C. C., Power; Mechanical 
Koerber, O. A. 

Koopman, R. J. W. 

Krnchenbuebl, J. O., Power Comm. 

Kraybill, B. K., General 

Kuhlinann, J. IT., Power 

Kurtz, E. B., Power; Illumination 

Lamb, J. F., Power 

Lunge. E. O., Power; Industrial 

Lunlng, W. A., Communication 

l.,unsil, C. E., Power 

liarsen, M. J., Communication 

Larson, L. C., Power 

Laurence, J., Mathematics 

Leblanc, F. 

Lear, J. E., Illumination 

Lee, Claudius, Physios 

Lehman, Ia U., Power 

Lickey, H. F., Commun.; Illumination 

Lindvall, F. C., Mechanical 

Llwschitz-Garik, M. 

Locke, W. W., Educational Administrator 
Lockwood, H. J., Power; Communication 
Lott, A. O., Mechanical 
Lovell. W. E. 

Lovett, I. H., Power 

Lueth, 1. B., Power 

Lutz, S. G., Power; Communication 

Murebant, G. U., Eng. Drawing; Math. 

Mallory, D. D., Power 

Manning, M. L., Power 

Markle, E. VV., Power 

Mason, 11. K., Power 

Maxfleld, H. A. 

Maxwell, F. U., Power; Aeronautics 

McClain, F. H., Power 

McClure, O. E., Power; Physics 

McCrumm, J. D., Power; Mathematics 

Mcllroy, M. S., Power 

McKee, E. K., Power; Communication 

McMastcr, R. C., Power; Illumination 

McMillan, F. O., Power; Physics 

Miller, J. B., Power 

Miller, \V. J., Power; Illumination 

Millman, J. 

Mills, G. 11.. Power 
Miner, D. F., Power 
Mocnch, II. A., Communication 
Moore, A. D. 

Morgan, M. Q., Physics 
Morgan, li. B., Physics 
Morgan, T. II., Power 
Morton, P. L., Power 
Mowbray. W. J. 

Mueller, G. V., Power 
Murray, W. A., Communication 


Naeter, Albrecht, Power 
Nash, C. A., Power 
Nelson, P. H., Power; Comm. 

Newell, 11. 11., Communication 
Nichols, B. H., Power • 

Nlms. A. A., Power; Communication 
Norris, C. U., Power; Communication 
Norris, F. W., Communication 
Norlhcott, J. A., Power 
Nudd, Philip, Power 
Nulsen, W. B., Power 
Nunan, J. K., Communication 
O’Brien, B. J., Communication 
Oler, C. B., Power 
O’Mears, T. J. 

Osborne, U. S., Communication 
Osburn, O. B. 

Paine, E. B., Power 
Palmer, H. B., Power 
Patterson, Q. K., Power 
Pearson, D. S., Power; Physios 
Pease, E. M. J., Mathematics 
Peet, J. C., Power 
Peirce, G. R. 

Peterson, E. F., Power 
Pettit, J. M., Physics 
Pierce, C. A., Mathematics 
Plowman, A. S. • 

Poole, F. L., Power; Physics 

Porter, O. M., Power 

Porter, U. G., Communication 

Potter, J. L., Communication 

Powell, A. 1*., Power 

Powers, A. R., Power 

Price, 11. \V., Power; Mechanical 

Price, J. It., Power 

Puchsteln, A. F., Power; Mechanical 

Pullen, M. W., Illumination 

Pumphrey, F. 11., Power 

Putnam. It. C., Power; Illumination 

Quarles, L. R., Power; Communication 

Ray, B. M., Power; Math. 

Record, F. A., Physics 

Reed, H. It., Power 

Iteed, M. B., Mathematics 

Reich, II. J., Communication; Physics 

Reid, E. A., Power 

Iteintjes, J. F., Communication 

Rcukema, L. K., Communication 

Rhodes, S. It., Power 

Rhodes, W. K., Power; Illumination 

Rice, Philip X., Power 

Richards, ll. E., Power 

Ricker, C. W., Power; Communication 

Itlttenhouse, L. 11., Communication 

Rode, N. F., Power 

Rohr, E. K., Power 

Itoilins, B. B., Power 

Rose, L. H., Communication; Math. 

Kush, II. S., Aeronautics 

Kush, P. B., Mathematics 

Russell, Chester, Power; Illumination 

Ryder, J. D., Communication 

Sabbaugb, E. M., Power; Communication 

Sandorf, 1. J., Power; Communication 

Sarbacher, H. 1. 

Satullo, A. R. 

Schealer, S. R., Power 
Schulz, £. H. 

Schutz, II., Industrial 
Schwarziose, P. F. 

Scott, C. F., Power 

Sechrist, G. 11., Power; Communication 
Seeley, W. J., Communication 
Seely, S. 

Seibert, C. B., Power; Oomm. 

Selvldge, Hamer, Communication 
Shaffer, H. A.. Drawing 
Shaw, C. B., Communi^tioHS 
Sheda, P. C., Physios 
Shelton. E. B., Poioer 
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Sheppard, II. S., Communication 

Shipley, E. D., Communication 

Shorey, L. P., Power 

Siblla, K. F., Communication 

Siegfried, Victor, Power 

Simrall, H, C., Power; flluminatton 

Sieklnd, It. P., Communication 

Sit!!, B. L., Power 

Slavln, W. A., Power 

Sllchter W. I., Poicer 

Sloan, 11. D., Power 

Small, B. H., Power; Comm. 


Smith, B. P., Power 

Smith, F. w.. Power; Communication 

Smith, J. H., Power; Comm. 

Smith, O. J. M., Physics 

Smith, P. C., Communication 

Smith. V. G., Power; Communication 

Snook, R. C.. Drawing 

Sobon, H., Mathematics 

Sorensen, R. VV., Power; Economics 

Spencer, P. A., Power Plants 

Stauder, L. P., Power 

Stavely, B. B., Power 

Stelzner. W. B.. Power; Illumination 

Stevenson, W. D., Power 

Sllefel, K. J. 

Stockwell, F. C., Communication 
Stont, M. B., Power 
Straiton, A. W.. Physics 
Strong, B. M., Power 
Sublet, P. G. 

Swenson, G. W., Power; Communication 

Tang, K. Y., Mathematics 

Tapy, R. W., Power 

Tarpley, H. I., Power 

Teare, B. R., Power; General 

Terwllllger, C. Van O., Power; 'Math. 

Thomas, M. A., Power 

Thomas, W. A., Power 

Tllghman, H. 

Tilles, Abe, Power; Communication 

Tlmbic, W. H., Power 

Timoshenko, Q. S,, Physics 

Tingley, F. T.. Power 

Todd, M. B^ Power 

Tompkins, F. N„ Power 

Topping, A. N., Power; Illumination 

Torgersen, H., Power 

Towle, N, L., Power 

Tracy. G. P.. Potcer 

Trueblood, R. O., Mechanical 

Tucker, C. B., Power; Communication 

Tiidbury, C. A., Power 

turner, H. M., Power; Communication 

Turner, R. C., Power 

Tiithlll, J. K., Power 

Jykociner, J. T.. CommunicatUtn 

Vail. C. R., Power 

Valle. R. B., Power; Communication 

Valade, B, A., Power 

Van Wambeck, S. H., Power; Commun. 

Ver Planck. D. W., Power 

VIvell, A. B., Power; Communication 

Voorhlesj M. B. 

Waldellch, D. L., Communication 
Wakeflel^ H. H. 

Walker, B. A., Physics 
Walker, II, N., Power; Illumination 
Wallis, C. M., Commun.; Illumination 
Ward. R. P. 

^are. L. A., Power; Communication 

Warelng, J. F., Power 

Warner, H. O., Power 

Warner, R. G., Power 

Warner, R, W., Power 

Waters, J. Power; Communication 

Watson, A. a.. Power; Illumination 

Watson. J, W. 

Wrter, Bmst, Physics 
Well, R. T., Power 


Welnbach, M. P,, Power 
Welch, B. R., Power 
Wclke, R. A,, Economics 
Whipple, C. C., Power; Ilium.; Oen. 
White, W. T., Eng. Dr. 

Wldener, B. McK., Ilium.; Math.; Phys. 

Wildes, K. L., Power 

Wilkinson, R. I., Communication; Math. 

Williams, B. M., Communication 

Williams, L. B., Power 

Willis, B. 8., Power 

Willis, C. H., Power 

Willson, P. G„ Power 

Wilson, .1. W., Power 

Wilson, N. E., Power 

Wlltse, S. B., Power 

Wing, A. n., Comm., power, illuminating 
IVinkler, B. W., Power 
Wischmeycr, C. U., Power 
Wltham, R. L, 

Wolf, II. B., Physics 

Wood, F. R., Mathematics 

Wood, .T. A., Communication 

Work, W. R., Power 

Wright, D. H., Power; Illumination 

Young, M. G., Communication 

Zimmer, A. R., Power 


BNOINEEBINO DRAWING 


Aakhus, Theodore, Electrical 
Adams, W. B., Aeronautics 
Allen, Q. M., Architecture 
Appleby, A. N., Geology 
Arnold, .T. N., Electrical; General 
Atkinson, M. B., Industrial 
Autenreitb, G. C. 

Ballnt, A. T., Electrical 

Bauer, P. 8., Mechanical, machine design 

Berard, S. J., Mechanical 

Bettencourt, W., Shop 

Bragg, P. C., Mechanical 

Brattin, C. L., Mechanical; Mech. d Mat. 

Briggs, II. B., Mechanical 

Brock. G. H. 

Brooke, W. B.. Mathematics 
Brown, R. B., Mathematics 
Brubaker, W. F., Architectural 
Buck, C. P.. Civil 
RiilrAVfilfv IP 

Butler, H., Mechanical; Mechanics 
Butler, R. 8., Civil, structural 
Castlemau, J. R., Civil 
Cecil, J. B., Jfeeft. d Mat. 

Chlllman, B. F. 

Cleary, S. P., Mechanical, machine design 
Cleland, S. M., Shop 
Clemens, G. J. 

Cole, R. W. 

Cooper, C. D. 

Cooper, L. L. 

Coppersmith, C. W., Mech., maeh. design 
Grossman, R. S., Civil surveying 
Davis, D. B., Mechanical; Mech. d Mat. 
Denis, Bro. A., Mathematics 
Dent, J. B., CMl; Ban. E. 

Devine, J. J., Civil 
Dixon, D. Pj Architecture 
Dougherty. C. R. O., Chemical Eng. 
Dowling, E. J., English 
Dunkle, R. W, 

Bckle, J. N., CMl, structural 
Edgecombe, A. C., Civil 
Bggers, H. C. T., Mathematics 
Blrod, S. B., Mechanical 
Pairbanks, O. W., Mechanical 
Famham, W. B., Mechanical, mach. aes. 
Fenwick, H. H.. Industrial; MeohanMa 
Field, W. B., Architecture ^ . 

Finch, F. R., Mechanical, machine design 
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Fitch, W. C., Economics 

Fowler, R. W., Mechanical, tnaoh. design 

Freeman, M. L., Architectural 

French, tt. W., Civil 

French, T. E. 

Oatcombc, E. K. 

Gerardi, Jasper, Civil, surveying 
Gingrich, K. F. 

Goodrich, A. L. 

Gorman, VV. M. 

Grant, H. E. 

Machcmeister, C. A., Electrical 
Ilaentjes, C. II., Mathematics 
Hales, V. D., Civil, surveying 
Hall, S. Q., Mech. d Mat. 

Hayes, S. C. J., Civil 

Heacock, IT. A., Civil; Sanitary 

Hein, J. M., Architectural 

Henry, H. h.. Machine Design 

Hesse, H. C., Mechanical, machine design 

Hlgbee, F. G. 

Hill, F. M. 

Hill, I. L., Shop 

Hill, J. L., Civil; Mechanical 

Hinkle, R. T. 

Hoelscher, R. P., Civil, structural 
Hoffman, P. C., Mechanical 
Holland, U. C., General; Shop 
Holuiati, L. W., Architecture 
Hood, Q. J. 

Howe, L. B. 

Huehes, F. R., Civil, surveying 
Jewell, W. R., Machine Design 
Johns, W. B., Mechanics and Materials 
Johnson, L. 0 . 

Johnson, M, F., Civil; Mathematics 
Johnson, W. A. 

Jones, L. D. 

Jorgensen, Albert, CivU; Mech. d Mat. 
Judson, W. J., Machine Design 
Keaton. L. D., Architecture 
Kent, B. C., Machine Design 
Klely, E. K. 

Elelnschmldt, R. B., Civil; Mathemoiies 
Kurtz, J, W., Shop 
Ladner, A. C., Math.; Mech. d Mat, 
Leighton, A. W. 

Loving, R. O., Mathematics 
Ludden, D. J., Architectural 
Lurie, A. N., Architecture; Mech. d Mat. 
Mann, C. Civil; Psychology 
Mara, H. w., Mathematics 
Markowitz, Jesse, Aeronautics 
Maute, B. W,, Mathematics 
McCombs, O. C., Civil, structural 
McConnell, R. K. 

McCully, U, M. 

McCully, H. M., Jr, 

McFarland, J. D., Electrical 
McGuire, J. O., Architecture 
McKee, II. L., Mechanical; Shop 
McNeury, Matthew, Civil 
McNeill, W. H.. Civil 
Meadowcroft, N. 

Meiklejohn, It. 

Merrill, D. W., Civil 
Meserve, G. H., Civil, surveying 
Miller, F. C., Mechanics and Materials 
Mlnkler, H. T. 

Mitcham, J. T., Mech. d Mat. 

Moore, E. R., Shop 
Moose, P. E., Civil, surveying 
Morris, 11. 

Mullins, B. F., Civil, surveying 
Myers, H. D., Ciidl, structural 
Narmore, P. B. 

Nash, T, L., General Physios 
Neal, H. P., Mechanical 
Nettieton, B. B. 

Nollau. L. B. 


Normand, H. C., CivU 
Nortlirup, R. T., General 
Olson, O. A., Mechanical 
O'Rourke, F. J., Mathematics 
Orth, U. D. • 

Osborn, F. C., General Eng.; Shop 
Osborne, D. S., Mech. d Mat. 
Paffenbarger, R. S., Chemical; Industrial 
Patten, L. M., Architecture 
Paulsen, Fridtjof, Math.; Mechanical 
Pearson, J. E. 

Perrymen, C. C., Industrial 
Phelps, Q. M., CivU, surveying 
Philb.v, A. J. 

Pierce, S. II., Electrical 

Pitchlo, P. M., Foreign Lang.; Shop 

Plock, Henry, Civil 

Plummer, C. R., Machine Design 

Polaner, .1. L., Mechanical 

Pollard, J. J., General Eng. 

Porseh, J. H., Civil; Mech. d Mat. 

Porter, F. M., Architecture 

Potter, O. W., Mineral Tech., metallurgy 

Pratt, G. M. 

Quald, L. J., Hydraulics, math. 

Quinn, G. S., Mech. d Mat. 

Radford, S. S., Shop 
Rappolt, F. A. 

Rising, Justus, Mechanical; Shop 
Robertson, J. E., Mathematics 
Rowe, C. E., Min. 7'cch. 

Rule, ,1. T., Mathematics 
Russ, J. M., Mechanical; Shop 
Sawyer, R. A., Civil 
Schumann, C. H., Civil, structural 
Shlels, K. O., Mechanical 
Slants, F. \V., Civil; Mechanical 
Smith, O. B. 

Smith, W. G., Mechanical, machine design 
Smutz, F. A., Mechanical, machine design 
Snook, R. C. 

Spencer, H. C., Architecture 
Springer, C. H., CivU, structural 
Stevason, C. C., Shop 
Stewart, B. II., Architecture 
Stock, O. L., Architecture 
Stone, O. M., Architecture 
Stork, W. L.. Electrical 
Street, VV. E., Industrial; General 
Svensen, C. L„ Architecture 
Taylor, VV. H. 

Tea, P. L., Mathematics 

Temple, E. H., Mechanical, maeh, design 

Thayer, H. R., CivU; Sanitary 

Thomas, A. L., Mechanical, mach. design 

Thomas. L. W,, General 

Toporeck, E. Electrical 

Townsend. C. B. 

Tozer, E. F., Mechanical 
Turner, VV. VV., Architecture 
Vldoslc, J. P., Mechanics 
Vlerck, C. J. 

Wagner, W. O., Hydraulics 
Walker, Ij. D., Civil, surveying 
Walsh, F. W., Architecture 
Walsh, H. V. 

Warner, F. M., General 
Webb, E. Cm Shop 

Weber, H. Mechanics and Materials 
Wellman, B. Mech.; Mech. d Mat, 
Whenman, J. R., Mechanical 
Willey, E. Cm Mechanical 
William^ J. G. 

Wilson, B. Nm Architectural 
Wilson, E. R., Meohanieal, maeh. desigu 
Wood, A. B., Mechanical, machine <fe»ga 
Wood, J. N., ElectrieaL illumination 
Worsencroft, R. A., Cml 
Zozzora, F. 
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ENGLISH 


Abbuhl, Fred 
AduniB, C. J. 

Anderson, Victoria 
Ayers, J. A., Psychology 
Bartlett, H. K., History 
Birk, W. O. 

Bowman, R. S., Foreign Lang. 
Bowmer, W. S. 

Brandt, C. O. 

Bmwii, C. A. 

Buchan, A. M. 

Burkland, C. E. 

Callaghan, J. C., Speech 
Coie, J. S. 

('rane, W. O., Foreign Lang. 

Creek, H. L. 

Crouch, W. G., Foreign Lang. 

Humble, W. R. 

Fisher, E. G. 

Founlain, A. M., Electrical 
Gertss, P. H. 

Godfrey, W. P. 

Gould, J. R. 

Guthrie, L. O., Psychology 
Hall, A. V. 

Harrison, T. P. 

Hartley, L. C. 

Hendricks, Walter, Foreign Langttagee 
Knoll, H. B. 

Lawler, L. T. 

Lingeman, C. A. 

Lynch. W. S.. Humanities 
Maurer, R. L. 

McClintock, E. C., Economics 
McDonald, P. B. 

MorgJin, S. S. 

Morrison, E. 

Newman, C. M., Foreign Languages 
Nugent, H. H. 

Nyland, Walno 
Park, C. W. 

Parr, Johnstone 

Parrott, A. A., Mathematics 

Pepper. L. R. 

Price, Robt. 

Raw, R. M., Economics 
Uaymond, P. N. 

Rose, L. A.. Foreign Lang. 

Soammon, W. P. 

Sturmer, A. M., For. Languages; Eoon. 
Srnnmey, George 
Sypherd. W. O. 

Tenney, B. A. 

Thompson, K. O. 

Thornton, J. K. 

Tucker, S. M. 

Vaughan, J. L, 

Wnbnltz, W. S., Foreign Languages 
Wardle, R. M. 

Whltmer, A. B. 

Wilson. L. C 
Wood, B. L. 

Young, H. R. 

POBEION LANOCAOBS 

Atwood, L. L., History 
O, A.. English 
« Oerman 

Schelfley, C. K., Bistwry 


GENERAL ENGINBEBING 

Adams, H. C., Notwrf Arch. 

Ades, C. 8., Civil 
Alger, P, L. 

Anderson, C. A„ Sleetnealj Mathemgtios 
Andrea, S. C. 


Ayers, M. T., Civil 
Ayre, R. S., Civil 

Baier, L. A., Xaval Arch. <£ Marine E. 
Ballard, L. J. ’ 

Brantgan, G. F., Drawing 
Brown, R. Q. 

Cardin, C. J., Mechanical; Mech. A Mat. 
Chailender, R. T., Mach. Des. 

Crowder, B. A. 

Dana, P. C., Mathematics; Civil 
Dowson, C. H. 

Hedenberg, N. A., Physics 
Hempstead, J. C., Economics 
Hensha^ C. N., Mechanical 

T. B., Eng. Drawing; Mechanical 
liillyard, L, K., Mathematics 
Holcomb, R. M., Civil 
Houser. S. C. 

Hyde, T. E, 

Keith, H. H. W., Naval Arch. A Marine 
E. 


Keith, J. I„ Food Eng. 

King, D. 11., Architecture 
Llndemann, A. J. 

Main, C. T., Industrial 
Megeath, S. A. 

Mitcham, J. T. 

O’Leary, A. M., Mathematics 
Ktdssner, Hans 

Rowlands, T, M.. Architecture 
Sette, P. J., Civil; Sanitary 
Turner, W. P. 

Van Dyke, J. R. 

Weed. J. k. 

Wilcox, B. R., Civil, hydraulics 
Wilcox, J. B., Electrical, power 


INDUSTRIAL ENGINBEBING 

Alexander, W. T., Mechahical, mfg. proe. 
Andrews, S. C. 

Armstrong, W. H., Shop 
Babcock, M. M. 

Bangs, J. R., Economics 
Barnes, R. M., Economics; Mechanical 
Barnwell, G. W., Economics; General 
Beatty, H. R., Meoh. A Mat. 

Beese, C. W., Engineering Drawing; Shop 
Bock, L. S., Economics 
Brooks, J. A., Economics 
Brozen, Yale 

Bnlllnger, C. E., Economics 
Busse, P. A. 

Carr, 11. M.. Shop 
Carson, G. B., Mfg. Proc. 

Collins, B. K.. Shop 
Connelly, J. R., Mechanical 
Crouch, J. B., Power Plants 
Devor, E. L., Mechanical 
Eddy, C. L., Economies 
Edgar, K. K., Civil, transportation 
Edwards, J. C. 

Emerson, L. A., Education 
Eppelsheimer, D. S. 

Fairchild, E. L., Mechanical 
PiJipettl, G. 

Poos, C. B., Mfg. Proe. 

Ganong, W. L. 

Gllbreth, L. M., Mechanical; Psychology 

Good, M. K., Economics 

Greenwald, D. U., Meoh.; Meoh. A Mat. 

Groseclose, F. F., Mechanical 

Guild, L. R.. Economics 

Hail, P. R., Min. Tech., metallurgy; Shop 

Hanselman, G. B., Mathematlce 

Hart, S. T., Mechanical 

Henderson, D. B., Mfg. Proe. 

Holme, T. T., Mechanical 

Hummel, J. O. P., Eeonomihjs 

Hunt, M. W., Moeh. design; Beat Power 
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ITussey, R. A. 

Ingalls, J. W., Research 
Ireson, W. Q., Shop 
Jones, D. T., Shop 
Knights, F. J., Languages 
Laitala, B., MJg. Proe. 

Lchucsky, p. N., Economics 
Lott, A. 6. 

Lucas, B. L., Mechanical 

Lytle, C. W., Economics 

Mabie, H. H., Mechanical 

Mahaiiey, J. P., 87iop 

Millard, C. 1., Eng. Drawing; Mechanical 

Miller, A. M., Economics 

Miller, J., Economics 

Mock, C. O., Drawing 

Morgan, J. C., Cooperative 

Mundel, M. B., General 

Norton, P. T., Economics; Shop 

Pearce, P. W., Mathematics 

Phelps, O. O., Psychology 

Plgage, L. C., Eng. Drawing 

Poole, H. M., Shop 

Porter, D. B,, Mechanical, mjg. proc. 
Query, L. 11., Mechanical 
Kautenstrnuch, Walter, Economics 
Renner, W. B. 

Rhodes, T. J., Mechanical 
Rlegcl, J. W., Economics 
Rlx, C. N. 

Robson, F. B. 

Rogers, H. B., General 

St. Clair, O. Ay Engineering Drawing 

Sampso^ M. W., English 

Schell, B. H., Bus. d Eng. Adm. 

Seldl, J. C. O., Psychology 
Seulberger, F. O., Indus. Relations 
Shaw, H. B., Economics 
Shybekay, D. S. 

Sizelove. O. J., Electrical 
Spafford, W. F., Economics 
Spriegel, W. R., Management 
Stalnton, R. S., Drawing 
Thomas, O. D. 

Thuesen, H. O., Mfg. Processes 
Van Winkle, B. H., Economies 
Walkup, J. K., General 
Watson, C. B. 

Widdop, R. 

Wilcox, D. B., Economics; Physics 
Wilkinson, Q. D., Economics 
Williamson, J. H. 

Yeaton, P. O., Mechanics and Materials 
Younger, John, Shop 


LIBBABIANS 

Brunotto, Lorenzo 
Chamberlain, Marguerite 
Hyde, W. H. 

Laneoiir, H. 

Lane, Ruth McG. 

Lewis, W. D. 

Metcalf, A. H. 

Moss, Helen J., English 
Nicholson, Natalie N. 
O’Farrell, J. B. 

Roush, M. B. 

Seaver, W. N. 

White, Myra 
Whltford, R. II. 


MATHEMATICS 

Allen, B. F., Physics 
AmelotU, Emil, Physios 
Baker, B. Q. 

Barnes, .T. L., Electrical, communication 
Benner, J. A. 

Bennett, A. A. 


Berry, W. J. 

Bibb, S. F., Industrial 
Binder, R. C. 

Black, L. T.,Ei^. Drawing 
Bockhorst, R. W. 

Borgnian, W. M., General 
Brandeberry, J. B., Mech. <C Mai. 

Brenke, W. C., Physics 
Brown, B. C. 

Bubb, F. W., Mcch. <£ Mat.; Physics 
Bullock, B. C. 

Burington, K. S., Electrical; Physics 
Butterfield, A. D., Civil, surveying 
Campbell, W. B., Mech. <£ Mat. 

Cell, J. W., Mech. <£ Mat. 

Church, Earl 
Clarksom J. M. 

Colyer, B. B-, Civil 
Cooke H C 

Cowglll, A. P., Mech. <£ Mat. 

Craig, 11. V., Astronomy 

Croiit, P. D., Mech. <£ Mat.; Physics 

Daris, W. M. 

DeKonde, L. A. 

Dlmlck, C. B., Mechanics and Materials 
Dlx, L. B., Civil • 

Doerlngsfeld, 11. A., Civil; Mech. d Mat. 
Douglass, R. D., General; Physicfi 
Drenick, R. F., Physics 
Duncan, D. S., English 
Edmonson, Nat. 

Fisher, H. A., Physics 
FIthlan, J. H, 

Pltterer, J. C., Civil, structural 
Ford, L. R., Physics 
Francis, S. A., General 
Fry, T. C. 

Gaba, M. G. 

Gay, H. J. 

Gehman, II. M., Aeronautics 
Gelbart, Abe 

Goodheart, B. J., Civil; Sanitary 
Graesser, K. F., Physics 
Graham, W. W. 

Gunder, D. F., Mechanics and Materials 
Harter, O. A. 

Haskins, B. E., Physics 
Hatch, W. B., Science 
Hatcher, T. W., Mechanical 
Hedenberg, N. A. 

Hooke, Robert 
Ilostetter, II. C., Physics 


Hoy, B. A., Eng. Drawing 
Hunt, G. H. 

Hutcnlnson, C. A. 

Hydeman, W. R., Physics 
Jordan, H. B., Physics 
Jurdak, M., Civil Engineering 
Justin, B. M., Civil, surveying 
Kells, L. M. 

Knuebei, C. H., Physios 
Knight, R. M. 

Konove, Carl 

Krathwohl, W. C., Psychology 
Layton, W. 1.. Eng. Drawing 
Lehmann, C. H. 

Leonard, H. B., Mech. d Mat. 
Levine, Jack 

Lindsey, L., Mech. d Mat. 
MacDonald, J. K. L., Physics 
MacKay, B. 

Malnardl. Pompey, Civil 
Maltby, L. L. 

Markle, O. B. 

Mask, F. B. 

Mason, W. B.. Civil 
Miles, B. P. 

Mllgram, A. N. 

Miller, F. Hm Mech. d Mstt. 
Millington, H. G. 

Mitchell, U. O. 
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Morlpy, R. K. 

Miimforil, C. G. 

Nahiklaii, II. M. 

Nplnon, A. L. 

Nordling, C. G. A., Mech. d Mat. 
Oldrnburger, R., Mechanical 
OwenB, F. W., Electrical 
Park, II. V., Mech. d Mat. 

Petere, A. S. 

Peterson, D. F., Civil 
Phillips, H. B., Phyaica 
Pickard, W. L., Phyaica 
Plant, L. C., General; Phyaica 
ITide, H. H. 

Purdle, K. S. 

Reddick, II. W, 

Keeks. M. R., Eng. Dr. 

Reel, F. R. 

Keinsrh. B. P., Mech. d Mat.; Phyaica 

Rice, Harris 

Rice, H. S., Chcmiatry 

RIetii, H. L., Ecunomica 

Ritter. I. P. 

Robinson, R. H. 

R<iot, R B., Mechanica d Materiala 
Rosenbach, J. B., Phyaica 
Roth, S. G. 

Runge, L. L., Economica 

Seagraves, W. P., Mech. d Mat.; Phyaica 

Siniester, J. H. 

SIroky, B., Eng. Drawing; Mech. d Mat. 
Slohln. H. L. 

Small. L. L 
Smith, S. R., Phyaica 
Solt, M. R. 

Sparks, P. W. 

Spear, ,ToHeph 

Stoker, J. J., Mech. d Mat. 

Strane, A. .T., Induatrial; Mineral Tech 
Stratton, W. T.. Phyaica 
Straw. ,1. A.. Electrical 
Strobel, C. F. 

Tallmiin. W. D. 

Ta.vlor, Edward, Drawing; Mech. d Mat. 
Thomas, C. P.. Civil, aurreying 
Thomas, D. Boyd, Phyaica 
Thomas, Evan. Mechanical 
Torrance, C. C., Phyaica 
Tudbury, C. W. 

Van Rtiskirk. H. C. 

Vetter, H. F., Induatrial 
Warnock, W. G. 

Watnnabe, K. 

Wheaton, H. H., Civil; Mech. d Mat. 
Williams, F. 11. M. 

Williams, H. P,, Engllah; Paychology 
Win ton, L. S. 

Wood, H. A.. Aeronautica 
Wray, J, W. 

Yanosik, G. A., CMl, atructural 
Zeldin, S. D. 

HECHAMIOAI. BNOINEBBING 

Albert. C. D., Mach. Dea.; Mech. d Mat. 
Aldrich, B. M., Drawing; Math^ 

Aleren. A. B., Refrigeration v 
Allen, C. M., Refrigeration 
Allen. R. L. 

Ambrosius, B, E., Heat Power 
Amidon, L. L.. ifocA. Dea.; Hmt^Power 
Anderson, C. G. 

Anderson, G. E., Heat Power 
Anderson, E., Heat Power; Power Planta 
Andes, A. 8., Aerimautioa 
Anthony, R. L., Heat power ^Induatrial 
Arm. D. L.,JfooAlMe Draign; Heat Power 
Arnold, J. B.. AeronauMoa 
Aullch, W. H., Mech. Dea.; Boon.; Bng. 
Drawing 


Ault, E. S., Machine Deaign; Mfg. Proo. 
Ayers, M. T., Machine Deaign 
Ayre, R. S., Mech. d Mat. 

Bacon, R. A., Machine Deaign 
Bagley, ,1. B., Textile 
Bailey, W. S,, General; Mech. d Mat. 
Baker, B. C., Engineering Drawing 
Baker, J. B., Mechanica and Materiala 
Barber, W. J., Mach. Deaign; Heat Power 
Barnard, N. H., Induatrial; Mfg. Proc. 
Barrie, J. Q.,Heat Power 
Baumeister, T., Heat Power; Pr. Pla. 
Becker, W. M., Heat Power; Refrig. 
Begeman, M. L.. Mach. Dea.; Mfg. Proc. 
Beltler, S. R., Heat Power 
Benson, L. R. 

Berger, P. A. 

Berry, C. II., Heat Power; Power Planta 
Berryman. L. G., Mineral Tech, 

Beat, H. W. 

Billings, .1. H., Mach. Dea.; Heat Power 
Billiiiyer, C. D., Machine Deaign; Indua. 
Binder, R. C., Afech. d Mat. 

Black, P. H., MeoA. d Mat. 

Blackburn, 11. W., Deal rower 
Blnl.sdell, A. II., Aeronautica 
Blumberg, L., Drawing 
Boelter. L. K., Heat Power; Agrie. 
Bogard, B. T. 

Buhl HI, ii. u., Mach. Deaign; Eng. Draw. 
Bolt, .1. A., Aeronautica 
BoIk, H. a., Mach. Deaign ; Mech. d Mat. 
Boston, O. W., Mfg. Prnceaaea 
Bowman, II. T., Meat Pr.; Mech. A Mat. 
Boynton, J. E , Machine Deaign, Heat Pr. 
Bralnard, B. B., Heat Power; Min. Tech. 
Breckenridge, R. W., Mfg. Proc.; Shop 
Brown, A. I., Heat, Refrigeration 
Brown, I,. T.. IJent Power 


Brown, T. C., Drawing 
Bucher, P., Heat Power; Power Planta 
Buckingham, E., Mach. Dea.; Mfg. Proo. 
Bndenholzer, R. A. 

Bnerer, W., Heat Power 
Burr, A. H., Mech. d Mat. 

Biitterlield, T. E. 

Calhoun, P. N., Heat Power 
Cameron, Hugh S.. Heat Power 
Campbell, J. M., Heat Power 
Candee, F. W., Meat Power 
Carmichael, Colin, Machine Deaign 
Carpenter, E. L. 

Carvin, F. D, Heat Power; Refrigeration 
Casberg, C. H., Mfg. Proeeaaea 
Case, A. A., Shop 

Cather, H, M.. Heat Power; Power Pla, 
Cay wood, T. G., Mach. Dea.; Mfg. Proo. 
Cejka, J. B.. Eng. Draw.; Mech. d Mat. 
Challender, R. T., Mechanica 
Chamberlain, ,1. B., Mtg. Proc. 

Chapman, L. B., Marine 
Chapman, K. G- MecA. d Mat. 

Chase, C. H., Mach. Dea.; Power P. 
Cherry, F. H., Mechanica; Eng. Drawing 
Christie, A. O., Power Planta; General 
Church, A. H., Machine Dea. 

Church. E. F., Aeronautica; Metallurgy 
Clark, D. S. 

Clark, R. E., Heat Power 

Cleghom, M. P., Heat Power; Power Pla. 

Clement, W. B. 

CMtwer, J. I., Machine Deaign 

Cole, B. W., Drawing 

Coogan, C. H., Engineering Drawing 

Coonradt. A. C.. Aeronautica 

Cope, R. L.. Induatrial 

Cope. W. J.. Heat Power 

CoVan, J. P., Mfg. Proeeaaea 

Cowle. Alexander. Machine Deaian 

Crawford, C. W.,/ndua.; Mech. d Mat. 

Crofoot, O. B., Heat Power; Refrig. 
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Croft, H. O., Heat Power; Eeonomioe 
Cromer, O. C., Heat Power 
Daascb, F. J., MJg. Prooeaaea 
Daasch, H. L., Heat Power; Induatrial 
Dale, R. B., Math. 

Daugherty, R. L., Hj/drauUca 

Davis, L. E., Induatrial 

Davis, S. S., Heat Power 

Dawson, E. F., Air Conditioning 

DeOarmq, B. P., Heat Pr.; Indua. 

Degler, H. B., Heat Power; Power Planta 

Dent, J. A., Heat Power; Power Planta 

Devine, Jas. J., Heat Power 

Devor, B. L., Maeh. Dea.; Mfg. Proe. 

Diakoff, A. J., Aeronautica 

Domonoske, A. B. 

Donnell, L. H. 

Donovan, B. T., Heat Power; Power Pla. 
Doolittle, J. S., Heat Power; Befrig. 
Dorrans, J. M., Shop 

Doughtily. L., Machine Deaign; Aeron. 
Dowell, Dawson 
Downard, R. W. 

Downs, J. B, T. 

Dows, H. Vf.j,Mtg. Prooeaaea; Shop 
Duncan, S. F., Mach, Dea.; Heat Power 
Dunham, II., Machine Deaign 
Dunlap, A. L., Mechanica and Materiala 
DuPrlest, J. K., Maeh, Dea.; Heat Power 
Durand, W. F. 

Dusinberre, G. M., Heat Power 
Barnes, J. J., Heat Power 
Baton, P. B. 

Bbangh, N. C., Heat Power 
Bckbardt, C. J., Heat Power; Befrig. 
Edwards, W. W., Aeronautioa 
Egllsriid, P. S., Heat Power; Befrig. 
Egry, C. It., Machine Deaign 
Ellsondo, Y. A., Mechanica and Materiala 
Ellen wood, F. 0., Heat Power; Befrig. 
Elliott, B. O., Heat Power; Power Planta 
Bills, W. T., Heat Power; Power Planta 
Emerson, W. D., Heat Power; Power Pla. 
Bndsley, L. B. 

Brmenc, J. J., Heat Power 

Estep, T. O,, Heat Power 

Everett, H. A., Heat Power 

Eyre, T. T., Heat Power; Befrigeration 

Fabel, D. C., Meoh. A Mat. 

Falres, V. M., Mach. Dea.; Heat Power 
Fairfield, J. G., Heat Power; Maeh. Dea. 
Falls, E. K.. Fluid Mechanics 


Fellows, J. R., Heat Power; Civil 
Fernald, E. M., Heat Power 
Femow, B. B., Heat Power; Befrig. 
Perretti, A. J., Heat Power; Befrig. 
Perris, D. P. 

Fessenden, B. A., Befrigeration 
Flneren, W. W., Maoh. Dea.; Eng. Draw 
Finnegan, J. B. 

Fisher, D. A., Heat Power 
Finnegan, ,1. B., Fire Protection 
Fleming, D. W. 

Fllnner, A. O., Heat Power; Power Pla. 

Polk, .T. T., Oil’ll 

Ford, A. D., Aeronautica 

Pomes, O. G., Machine deaign 

Forstall, Induatrial 

Fry, H. P., Drawing 

FuIIan, M. T., Mach. Dea.; Eng. Drawing 
Fullerton, II. P., Mech. <6 Mat. 

Gall, W. R., Induatrial 

Gallalee, J. M., Heat Power; Power Pla. 

Garmam W. D„ Potcer Planta; Mechanica 

Gateomoe, E. K., Machine Deaign 

Gauss, H. F., Machine Deaign, Befrig. 

Gelgei^ J. W., Heat Power 

Gtanainl, M. C., Heat Power 

Gibbs, R. B., Heat Power; Power Planta 

GleseckStF. B., Heat Power 

Gilbert, W. W., Aeronautica 


Gilpin, C. A. 

OJesdahl, M. S., Machine Deaign 
Gleason, J. G., Aeronautica 
Godeke, H. F., Mfg. Proe.; Heat Power 
Goglla, M. J., Aeronautioa • 

Gorman, W. M., Sho^ and Mechanic .xrta 
Graf, S. H., Mech. d Mat. 

Gray, B. S., Heat Power 
Gray, II. C., Machine Deaign 
Gray, M. E., Mfg, Proe. 

Green, B. M., Machine Dea. 

Green, W. A. 

Green, W. P., Heat Power 

Greffe, C. D., Aeronautica 

Grimison, B. D., Beat Power 

Griffin, F. S., Mach. Dea.; Eng. Drawing 

Grifiln, J. R. 

Grosser, C. E., Machine Deaign 
Grosser, VV. It. 

Guerdan, Q. A., Mach. Deaign; Mfg. Proe. 
Hngerty, W. W., Drawing 
Hall, C. A., Heat Power ' 

Hall, S. R., Drawing; Shop 
Ilalllday, W. R.. Machine Deaign: Eng. 
Ham, C. W., Machine Deaign; Mfg. Proa. 
Hamilton, B. H., Heat Power; Shop 
Haney, J. W., Heat Power: Power Planta 
Hansen, II. .T., Experimental 
Hanson, K. P., Heat Power ' 
Hnrdgrave, J. C., Mfg. Prooeaaea; Shop 
Hanter, B. A., Min. Tech., pet. A not. gaa 
Harrington, K. L., Induatrial 
Hawkins. G. A., Heat Power; Power Pla. 
Ilawl^, R. S., Induatrial 
Il^y, B. D.. Induatrial; Aeronautica 
Hayes, L. D., Machine Deaign; Induatrial 
Hays, P. B. 

Huzen, .1, W., Heat Power; BefrigeruHon 
Hoiith, C. O. 

Ilcbrank, K. P., Mfg. Proeeaaea 
Helander, Linn, Heat Power; Power Pla. 
Hem, L. W. 

Ilenika, J. II., Shop and Mechanic Arts 

Henry, O, F., Dr.; Shop. f 

Henry, J. A., Heat Power 

Hersey, M. D., Phyaica 

Iletzel, T. B., Eng. Drawing 

Hill. A. M., Heat Power; Befrigeration 

Hinkle, K. T., Machine Deaign 

Hinton, W. A., H^at Power A 

Hlxon, C. R., Heat Power 

Hoefer, B. O., Heat Power 

Hofmann, G. A., Heat Power 

Holland, A. D., Heat Power; Befrig. > 

Holmes, C. W., Heat Power; Mech. A Mat. 

Holmes, W. .T.. Heat Power, Mathematica 

Holtby, F., Mfg. Proe. 

Hopper, J. S., Heat Power; Befrigeration 
Ilorack. C. W., Drawing • 

Howard, D. B., Machine Deaign; Shop 
Howe, B. D., Heat Power; Power Planta 
Hnckert. J. W., Maeh. Dea.; Heat Power 
Hugo, M. S. 

Hbll, W. L., Aeronautica 
Hummel, J. G.. H-P.; Planta 
Hunt, M. W., Heat Power ’ 

Jacklln, H. M. 

•Tacobus, D. S. 

Jakob, Max, Phyaica 

Jennies, B. H., Heat Power; Befrig, 

Jett, C. C., Maeh. Deaign; Mech. A Mat. 
Joerger, C. A., Heat Power; Befrig. 
Johnson, W. A., Machine Deign 
Jonasaen, Finn, Civil 
Jones, J. 1^ Heat Power; Befrigeration 
Jones, W. H., Heat Power, Befrigerution 
Judd, H.. Hmraulioe 
Kaopplnen, T. S. 

Kavanatmb, D., Hmt Pr.A Meeih. d Mot. 
Kayan, C. F., Heat Poweri Befrigeration 
Keator, F. W., Mfg. Proe,; Heat Poioer 
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> Keeler, H. % Heat Poweri Bleotrioal 
Keenan, J. H., Heat Power 
Keith, .1. I., Food Ena. 

Kemler, E. W.. Petroleum 
Kenereon, W. H. 

Kent, C. H., Ueoh. i Mat. 

Kiefer, P. J., Heat Power; Power Plante 
Kincr, J. A., Heat Power, Refrigeration 
King, R. S., Heat Power; Shop 
Kipp, H. L., Machine Dee.; Heat Power 
Kistler, P. N., Mechanioe and UaterlaU 
Kniffen, A. T.. Heat Power: Eng. Draw, 
Knowlee, M. Q., Heat Power; Phyaice 
Knenlir, L. K., Mach. Design 
Kohler, H, L., Heat Power 
Kolb, R. P., Heat Power; Power Plants 
Kozacka, J. S., Machine Design 
Kruescr, H.’R. 

Kiihlen, Prederick, Machine Design 
Kiinkel, O. M., ifaoA. Des.; Refrigeration 
Kiit, W. S., Heat Povoer 
Kyle. P. B., Meoh. d Mat. 

Labberlon, J. M., Heat Power; Refrig. 
haitala, E. 

Lanibertlne, J. A., Refrig. Heat Power 
Lanitdon, H. H., Heat Power; Power Pis. 
Ijanellle, H. B.. Mach. Des.; Eng. Draw. 
I,arkin, F. V., Industrial 
l^arson, C. W. 

Laraod, G. L.. Heat Power; Refrigeration 
Ijiraon, R. P., Heat Power; Pet^d Nat. 
Gas 

Lease, L. J., Indue. Coord. 

Lekberg, H. P., Machine Design ' 

Leonara, C. M., Heat Power; Power PU. 
Leonard, P. B. 

Leutwller, R. W., Mcch. rf Mat. 

Lewellen, M. T., Heat Power; Shop 
Lewis, R. B., Eng. Draw. 

Llchty, L. C., Heat Power 

filght, .T. .L, Heat Poxpcr; Power Plants 

Lindahl, K. .T., Heat Power 

Llndell, W. F., Electrical 

Llopd, II. R.. Mach. Des.; Mech. d Mat. 

Lofgren, K. E., Machine Design 

London, A. L., Chemical 

Liicarlnl, Q. B., Shop ; Eng. Drawing 

Lnce, A. W., Mach. Des.; Mech. d Mat. 

Ludwickson, J. K., Heat Power 

Ludy, L. V., Heat Power 

Lueba, A. A., Heat Power; Refrigeration 

Mack, a: ,T., Heat Power 

Mackey, C. O.. 

MacNanghton, -E., Mach. Des.; Heat Pr. 
Manifold, Q. O., Maoh. Des,; Power 
Plants 

Marco, S. M., Heat Power 
Marin, A. 

MarquK P. W., Heat Power; Power Pis. 
Martenls, J. V., Machine Design 
Martin, B. W., Mathematics . 

Martin, C. E., Metallurgy 
Martin, W. H., Heat Power; Refrig. 
Mason, H. W., Heat Power; Refrigeration 
J IF 

Matson’, R. M., Mach. Des.; Mech. d Mat. 
Matthea, O. F., Meeh. d Mat. 

Matting, P. \V. 

May, J. W.. Heat Power, Refrigeration 
Mayer, J. K., Heat Power; Meoh. d Mat. 
McIntyre, H. J., Mach. Des.; Heat Power 
McKee, W. S., Machine Design 
McRergow, C. M. ? 

McLean, W. O., Med. d Mat. 

McMlnn, B. T., Meoh. d Mat. 

Merritt, C. Mm ^9. Proe.; Industrial 
Hessersaiith, C. W., Heat Power 
Mldgette, B. L., Machine Design 
Mllea, J. Cm Heat Power; P. Ptants 
Miller, H. w.. Machine Design 
Miller, L. O., Beat Power 


Miller, W. T. 

Mlnarlk, R. Om Matdt. Design; Mfg. Proo. 

Ming, P. W., Eng. Drawing 

Moen, W, B., Power Plants 

Moffat, O. N., Machine Design 

Mohn, P. E., Heat Power; Power Plants 

bloody, A. M. O. 

Moody, L. P., Hydr.; Mech. d Mat. 
Moore, E. R. 

Moore, M. B., Heat Power; Meoh. d Mat. 
Morse, P. T., Aeronautics 
Morse, J. L., Machine Design; Civil 
Morton, R. w.. Heat Power; Power Pis. 
Moser, K. J., Refrig.; Mech. d Mat. 
Moulton, R. G. 

Moynlhan, .T. R., Materials 
Munro, G. W., Heat Power 
Murphy, B. P., Heat Power 
Nachman, II. L., Thermodynamics 
Nelson, I). W., Heat Power; Refrig. 
Nelson, B. W., Aeronautics 
Neiigebauer, 0. H., Maoh. Des.; Refrig. 
Nickelsen, J. M., Mech. d Mat. 
Nordenholt, G. P., Ed. Product Eng. 
Norman, C. A., Machine Design 
Nye, B. P., Heat Power 
Chert, E. F., Mach. Des.; H-P. 

O'Brien, A. V.. Mfg. Processes 
O’Brien. M. P., Power Plants 
O’Leary, A. M., Drawing 
Olsen, L., Mcch. d Mat. 

Othus, J. C., Mach. Design; Mech. d Mat. 
Otto, L. W.. Mech. A Mat. 

Owen, H. P., Shop 

Paddock, R. G., Heat Power; Power Pis. 
Palmer, II. K., Machine Design 
Parker, E. B., Machine Design 
Parker, N. A., Aeronautics 
Parks, W. H., Aeronautics 
Pattlson, Floyd, Min. Tech., metallurgy 
Payne, W. AI., Machine Design 
Pearce, C. E., Machine Design; Aeron. 
Pearl, W. A., Mfg. Processes 
Pence, W. D. 

Perkins. D. L., Mfg. Proc.: Heat Power 

Perry, R. V.. Machine Design 

Petrie, G. W„ Mathematics 

Phelps, C. W.. Heat Power 

Phllbrlck, H. S., Heat Power 

Plnsky, Jos., Heat Power 

Polaner, J. L. 

Porter, L. M., Machine Design 
Porter, R. C. 

Potter, J. H.. Mcch. d Mat. 

Potter, P. J, 

Prageman, I. H., Machine Design; Indus. 
Prian, V. P., Mfg. Processes; Industrial 
Price, L. C., Jfoch. Desinn; Heat Power 
Priester, G. B., Heat, Refrig. 

Prior, J. A,. Jfoch, Des.; Mech. d Mat. 
Qninn, B. B., Drawing 
Raber, B. P., Heat Power; Refrigeration 
Rahm, L. P.. Machine Design; Mfg. Proc. 
Rasche, W. H. 

Raynes, R. H., Heat Power 

Rcaser, W. B.. Heat Power 

Reed, P. J., Machine Design; Heat Power 

Reed. .1. C.. Heat Power: riril 

Renwick, D. J., Eng. Drawing 

Repscha, A. H., Heat Power; Power Pis. 

Reullng, W. B. 

Rice, R. B., Mechanics and Materials 
Richtmann, W. M., Heat Power 
Riddle, K. W., Machine Design; Shop 
Rlsteen, H. Heat Power: Refrig 
Rltterbuseh, R. P., Mach, Design; Meoh. 
Roberta, C, P., Heat Power 
Roberta, B. O., Mfg. Proa., Power Fh 
R(Aertaon, B. J., Heat Power; AerOn. 
Roblnaon, O. L., PIrc Protection 
Roemmele, H. P., Heat Power; Pr. Pis'. 
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Roescb, D., Automotive 

Roeero, F. S., Machine Design 

Konrbttch, Q. E., Heat Poxcer 

Roop, F. S., Heat Power; Power Plants 

Roudebush, R. E., Industrial 

Rubeukoenig, Harry, Mech, d Mat. 

Russell, D. M., IJeat Power 

Riiten, W. H., Shop 

Ryan, D. G., Industrial 

Sager, B. II., Mfg. Proc. 

Sanag, L. M., Mach. Des.; Heat Power 
Salma, B. A.. Mech. d Mat. 

Sanders, T. K. 

Satterfield, II. E., Heat Power; Refrig. 
Scartb, Virgil 

Schock, B. I., Mach. Des.; Architecture 
Sell lick, R F.. Machine Design 
Schulte, W. B. 

Schutz, II. 

Schwartz, F. L., Heat Pr.; Mech. d Mat 
Schwelzer, P. K. 

Scofield, J. II., Aeronautics 
Seegrlst, W. II., Heat Power 
Seeley, L. E. 

Setchell, J. E., Industrial 
Severns, W. II., Heat Poioer 
Seward, II. L., Heat Power 
Shalleiiberger, W. II., Heat Power 
Shenk. U. II., Heat Power; Refrioeration 
Sherwood, N. P.. Heat, Power PI. 
Sherwood, R. S. 

Shigley, J. E., Drawing 

Shoop, C. F., Heat Power; Power Plants 

Short. B F.. Heat Power 

Sllba, H. W. 

Sliiiniang, C. M., Heat Power 
Simmons, C. M., Heat Power 
Simon, O. H., Heat Power; Poxcer Plants 
Sims, B. M., Heat Power; Power Plants 
Skoglund, V. .T., Heat Poxcer 
Slaymaker, P. K., Machine Design 
Slaymaker, R. R., Mach. Des.; Mech. d 
Mat. 

Sloan, W. A., Heat Power; Power Plants 

Sloane, Alvin, Mach. Des.; Mech. d Mat. 

SI lies, A. II., Industrial; Shop 

Smith, B. B., Heat Power; Mech. d Mat. 

Smith, R. A., Mfg. Proc.; Heat Power 

Smith, R. K., Eng. Drawing 

Solberg, H. L., Heat Power; Power Pis. 

Sorensen, II. A., Heat Power 

Sorenson, A. E., Civil, hydraulics 

Spurlock, B. II., Heat Power 

Stanley, C. M., Textile 

Staples, A. J., Heat Power; Min. Tech. 

Starr, C., Shop 

Stearns, F. A., Heat Power 

Steele, A. L. 

Stefanl. Luis, Mach. Des.; Heat Power 
Stetkewlcz, J. D., Metallurgy 
Stetson, G. A., Mech. d Mat.; Economics 
Stevens, II. B., Machine Design; Indus. 
Stevens, W. .T„ Mach. Des.; Mfg. Proc. 
Stewart, F. C.. Heat Power; Refrig. 
Stlenlng, F. H., Mach. Des.; Refrig, 
Stlmson, S. K., Mach. Des.; Mech. d Mat. 
Stinson, H. B., Aereonautics 
Stinson. K. W., Heat Power 
Stoever, H. J., Heat Power 
Stolworthy, E. II., Aeron.; Eng. Drawing 
Strate, J. T., Heat Power; RefxHgeration 
Stuart, H. F. 

Stuart, M. C., Heat Power; P. Plants 

Sullivan, F. J., Mach. Des.; Eng. Draw. 

Summers, R. E., Power Plants 

Svenson, C. L., Heat Power; Ref rig. 

Bwelgert, R. L., Heat Power 

Swett, G. W., Mach. Des.; Mech. d Mat. 

Swift, R. % Metallurgy 

Swlneford, C. R., Jf acA. Des.; Bng. Draw. 

Taft, T. H., Heat Power; Power Plants 


Tnlt, R. S., Machine Design 
Telle. L. 

Thatcher. C. G.. Heat Pr.; Mech. d Mat. 
The! as, E. S.. Industrial 
Thom, O. B., Heat Power; Refrigeration 
Thomas, F. H., Mfg. Processes; Indus. 
Thompson, J. 6. II., Mach. Des.; Mfg. 
Proc. 

Thornburg, M, L., Heat Power; Refrig. 
Townsend, A. L., Mach. Des.; Mech. d 
Mat. 

Tracy, S. .T., Mach. Des.; Heat Power 
Trigger, K. .T., Mfg. Proc.: Heat Power 
Trotter. R. A., Machine Design 
Tripp, Wilson, Heat Power 
Truettner, W. I., Aeronautics 
Triimpler. P. R., H-P.; Power Plants 
Tiithlll. A .F. 

Tutt, C. L., Mach. Des., Mfg. Proc. 

Tiive. O. L.. Heat Power 
Twngood. A. J 

Tyrrell, C. C., Mechanics and Materials 
Uleher, .T. .7., Heal Power 
Updegrnve, II. T.. Mfg. Proc.; Industrial 
T'PP. r R.. Heat Power; Power Plants 
Vail. R. P.. Heat Power; Power Plants 
Vandererift. C. G. 

Van Dyke, J. R. 

Venn, R. B„ Drawing 
Venniim, R, R. 

Vlerck, R. K. 

Vincent, E. T., Heat Power 
Vlttuecl, R. V.. Heat Power; Refrig. 
Vopat, W. A., Heat Power; Power Plants 
Vo.se. F. H., Heat Power; Power Plants 
Walter. II E., Heat Power 
Walton, S. B., Mech. d Mat. 

Warren, A. J., Aeronautics 

Wiiterfall. II. W.. Much. Des.; Power PI. 

Waters, E. O., Maeh. Des.; Mathematics 

Watson, II. D., Heat Poxcer 

Weher, A. R., Heat Power 

Webster, F. N., Power Plant 

Weibel, E. E. 

Welland, W. F, 

Welshampel, J. A., Mech. d Mat. 

Weiss, H. A., Ind. Eng.; Machine Design 

Weiss, ,T. R., Power Plants 

Welch, H. E., Practical Science 

Wetzel, I, T., Electrical 

Wharton, J. R., Mach Des.; Refrigeration 

White, B. S.. Machine Design 

Whittaker, A. E., Mech. d Mat. 

Wilbur, R. S., Heat Poxcer 
Wilrox, C. C., Power Plant 
Williams, O. K., Min. Tech. 

Williams, R. D., Mineral Tech. 

Willis, P. A., General: Industrial 
Wilson, H. A.. Machine Design 
Wilson, L. A.. Heat Power; Refrigeration 
Wingren, R. M., Mach Des.; Mech. d Mat. 
Winston, S. E., Mach. Des.; Heat Power 
WIschmeyer, Carl, Heat Power; Refrig. 
Wohlenberg, W. J. 

Wolowicz, C, H., Mech. d Met. 

Woods, B. M., Aero.; Min. Tech. 

Wright, II. M., Heat Power 
Tellott, J. I., Power Plants 
Toung, A. P., Mech. d Mat. 

Young, C. II., Machine Design; Indus. 
Young, E. G., Mach. Des. 

Young, V. W., Aeronautics 
Younger, J. B., Aeronautics 
Zarobsky. I. F., Maeh. Des.; Eng. Draw. 
Zbeil, S. P» General; Draw. 

Zeller, J. W. 

MECHANICS AND MATERIALS 

Andrews, C. B., Civil, surveying 
Beal. R. W., Mechanical, heat power 
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Becbtold, C. W. 

Bernhard, R. K. 

Berryman, L. G., Metallurgy 
Bllsa, Z. R., Economies; Machine Design 
Boomsliter, G. P., Mechanical; Civil 
Boyd, J. B. , , „ 

Brenemau, .T. W., Civil Eng. 

Brown, F. L. 

Bullard, J. A., Mathematics 

Cade, C. Civil, surveying 

Carey, R. II., Civil, structural 

Cassel, B. B., Drawing 

Cather, C. H., Mechanical; Mach. Design 

Chamberlin, S. .1., CMt; Eng. Drawing 

('hnniborH, S. I>. 

Clark, B. C. 

Clark, L. W., Struc. 

Colbert, J. P., OtvU, structural 
Collins, W. L., Civil, structural 
Conley, VV. J. 

Conner, N. W., Mechanical; Aeronautics 
('ook, R. M., Civil 
Cornell, W. R., Mechanical 
Cox, W. J. 

Cutshnll, C. S., Chemical 
Dalilene, Oscar, Mathematics 
Dawley, B. R., Civil, structural 
De Baiifre, W. L., Mech.; Eng. Drawing 
Dietz, A. G. H., Bldg. Eng. 

Dodge, R. A., Hydraulics 

Doerr, L. O., Mechanical, machine design 

Dohrenwend, C. O., Civil; Mathematics 

Dolan, T. .T., Civil; Mechanical 

Doll, A. W., Physics 

Dougherty, J. \V. 

Downing. D. G., Engineering Drawing 

Draffln, ,T. O., Civil; Sanitary 

Dudley, W. M., Mechanical, ifach. design 

Duff. C. M., Pivil 

Eberhart, H, D., Civil 

Edgar. R. F . Civil; Drawing 

Edgecomb, R. B. 

Ensign, N. E., Mathematics 
Briksen, E. L., Civil; Aeronautics 
Ermenc, J. ,T. 

Ernst, G. C., Civil, structural 
Evans, T. H., Civil, structural 
Everett, P. L., Machine Design 
Falrman, Seibert, Aeronautics 
Flanders, R. L., Civil 
Folk, S. B., Civil, hydraulics 
Prelrc, Vida A. 

Frlgon, R. A., Mechanical 
Frocht, M. M., Machine Dcs.; Math. 
Fuller. C. B. 

Getchell, E. L., Mechanical 
Gllkey, H. .1., CMl 

Girvln, H. F., Mechanical; Industrial 

Goodler, J. N., Mathematics 

Grone. B, Ay Drawing 

Haddox, L. C., Physics 

Harris, C. O., Structural 

Hartenberg, R. S., Math; Aeronautics 

Hawkins, R. D. 

Herrick, C. A., Mechanical; Mathematics 
Herrick. T. J,, Mechanical 
Higdon, R. A., Mathematics 
Higgins, F. R,, Aeronautics 
Holme, J. M. 

Howe, J. W., Hydraulics 
Howell, B. V., Mathematics 
Hudson, R. C., Drawing ^ 

James, R. V., General 
Jensen, A., Arch. Eng. 

Jones, P. G. 

Jones, R. W, 

Kingman, B. D., English 
Koenltser, L. H., Civil, hydraulics 
Kommers, J. B., Mechanical, much. des. 
Kursweil, A. O., Mechanical 
Lansfonl, W. M., OifAl, hydraulics 


Laurson. P. O., Civil, structural 
Lee. G. H. 

Ijigiitbiirii, F. E., Highway 
.MacCiillough. G. H., Mechanical 
Mangold, J. F. 

Marin, Josenh, Civil; Mechanical 
Maurer, E. K. 

Mnyrose, H. E.. Mechanical 
McLean, W. G., Mathematics 
Miller, F. B., Mathematics 
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Swift, R. E., Metallurgy 

Taggart, A. F.. Min. Dreaaing; Chemical 
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Blrge, R. T. 
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MEETINGS OF THE S. P. E. E. 

1893, July 30-Ang. 6.Chicago, Ill.* I. O. Baker, Unly. of 111. 

(Chairman, Section B.) 

1804, Aug. 20*-21...Brooklyn Polytechnic In- DeVolson Wood, Stevena 

atitute, Brooklyn, N. Y. Inst, of Technology. 

1895. Sept. 2—4.Springfield, Maas. O. P. Swain, Masaachu- 

aetta last, of Technol¬ 
ogy. 

1806, Aug. 29-22.Buffalo, N. Y. Mansfield Merriman, Le¬ 

high TJnir. 

1897, Aug. 16-18.UnlTcraity of Toronto, IT. T. Eddy, Univ. of Mina 

Toronto, Ontario. 

1898, Aug. 18-20.Boston, Mass. J. B. Johnson, Wash. 

Univ., Missouri. 

1899, Aug, 17-19.The Ohio State University, T. C. Mendenhall, Wor- 

Columbua, O. ccster Polytechnic Inat. 

1900, July 2-3.Columbia University, New I. O. Baker, Univ. of IIL 

York City. 

1901, June 29-July 2.Buffalo, N. Y. P. O. Marvin, Univ. of 

Kana. 

1902, June 27-28.Pittsburgh, Pa. Robert Fletcher, Dart¬ 

mouth College. 

190.3, July 1-3.Niagara Falls, N. Y. C. M. Woodward, Wash 

Univ., St. Louis. 

1904, Sept. 1-3.St. Louis, Mo. C. F. Allen, Maaa. Inat. of 

Technology. 

1905, June 28-29.\tlantie City, N. J. F. W. McNair, Mich. Coll. 

of Mines. 

1906, July 2-3.Cornell University, Ithaca, C. L. Crandall, Cornell 

N. Y. Univ. 

1907, July 1-3.Case School of Applied D. C. Jackson, M. I. T. 

Science, Cleveland, O. 

1908, June 24-27.Tlotrolt, Mich. Chaa. S. Ilowe, Case School 

of Applied Science. 

1909, June 24-26.Columbia University, New F. E, Turncaure, Univ. of 

York City. Wls. 

1910, June 23-26.University of Wisconsin, H. S. Munroe, Columbia 

Madison, Wls. Univ. 

1911, June 27-29.Carnegie Institute of Tech- A. N. Talbot, Univ. of III. 

oology and the Univer¬ 
sity of Pittsburgh, Pitta- 
burgh, Pa. 

1912, June 28-29.M. I. T., Harvard and W. G. Raymond, Univ. of 

Wentworth, Boston, Iowa. 

Mass. 

101.3, June 24r-26.University of Minnesota, W. T. Magruder, Ohio 

Minneapolis, Minn. State Univ. 

1014, June 28-26. Princeton Unlveralty, O. C. Anthony, Tufta Col- 

Princeton, N. J. lege. Mass. 

1915, June 22-25.Towa State College, Ames, Anson Marston, Iowa State 

la. College. 

1916, June 19-22.Unlveralty of Virginia, H. S. Jacoby. Cornell Univ. 

University, Va. 

1917, July 5-7.Washington, D. C. O. R. Chatburn, Univ. of 

Nob. 

1918, June 26-29.Northwestern Unlveralty, M. S. Ketchom, Univ. of 

Evanston, III. Colo. 

1918, December 6-Tt .Cambridge, Maas. J. P. Hayford, Northwest¬ 

ern Unlveralty. 

* Meeting of Section B, Engineering Education, of the World’s Engineering 
Congress, at which the S. P. E. B. was organised. 

T .Tolnt Meeting with the British Bdaeatlonnl Migalon to the United States. 
The meeting was called at the raqueat of the Committee on Internatonal Relations 
of the American Council on Bdueatlod. 
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MEETINQS OF THE S. P. E. E. 


191B, June 26-28. 

1920, June 2»-July 2 . 

1921, June 28-Jul7 1. 

1922, June 20-23. 

1923, June 20-28. 

1924, June 26-28. 

1926, June 10-20. 

1926, June 16-18. 

1927, June 27-80. 

1928, June 26-29. 

1929, June 19-21. 

1930, June 26-28. 

1931, June 17-19. 

1932, June 29, 80-July 1... 
1033, June 27-80 
1934, June 10-23 


Johns Hopkins Unlrerslty, 
Baltimore, Md. 

University of Michigan, 
Ann Arbor, Mich. 

Yale University, New 
Haven, Conn. 

University of Illinois, 
Urbana, Ill. 

Cornell University, Ithaca, 
N. y. 

University of Colorado, 
Boulder, Colo. 

Union College, Schenec¬ 
tady, N. Y. 

State University of Iowa, 
Iowa City, la. 

University of Maine, 
Orono, Maine. 

University of North Caro¬ 
lina, Chapel Hill, N. C. 

The Ohio State University, 
Columbus, Ohio. 

Ecole Polytechnlque, Mc¬ 
Gill University, Montreal, 
Canada. 

Purdue University, Lafa¬ 
yette, Ind. 

Oregon State College, Cor¬ 
vallis, Ore. 

Stevens Hotel, Chicago, Ill. 

Cornell University, Ithaca, 
N. Y. 


1939, June 24-27.Georgia School of Tech¬ 

nology, Atlanta, Ga. 

1936, June 23-26.University of Wisconsin, 

Madison, Wis. 

1937, June 26-July 2.Massachusetts Institute of 

Technology and Harvard 
University, Cambridge, 
Mass. 

1938, June 27-80 .A. & M. College of Texas, 

College Station, Texas. 

1930, June 19-28.Pennsylvania State College, 

State College, Pa. 

1940, June 24-28 .University of California, 

Berkeley, Calif. 

1941, June 27-30 .University of Michigan, 

Ann Arbor, Mich. 

1942, .Tune 29-July 2.New York City 

1943, June 18-20.Illinois Institute of Tech- 

nolo^, Chicago, and 
Northwestern University, 
Evanston, 111. 


J. F. Hayford, Northwest¬ 
ern University. 

A. M. Greene, Jr., Rens¬ 
selaer Polytechnic Inst. 

M. B. Cooley, Unffr. of 

Mich. 

C. F. Scott, Sheffield Bel. 
School of Yale Univ. 

C. F. Scott, Sheffield Bel. 
School of Yale Univ. 

P. F. Walker, Univ. of 

Kans. 

A. A. Potter, Purdue Univ. 

G. B. Pegram, Columbia 

Univ. 

O. M. Leland, Univ. of 

Minn. 

R. L. Sackett, Penna. State 
College. 

Dexter S. Kimball, Cornel) 
University. 

R. I. ReesT American T. & 
T. Co. 


H. S. Boardman, Univer¬ 
sity of Maine. 

H. 8. Evans, University of 
Colorado. 

R. A. Seaton, Kansas State 
College. 

W. E. Wlckenden, Case 
School of Applied Sci¬ 
ence. 

C. C. Williams, State Uni¬ 
versity of Iowa. 

I). S. Anderson, Tulane 
University. 

H. P. Hammond, Polytech¬ 
nic Institute of Brooklyn. 


S. B. Earle, Clemson Col¬ 
lege. 

K. T. Compton, Mass. Inst, 
of Tech. 

O. J. Ferguson, University 
of Nebraska. 

D. B. Prentice, Rose Poly¬ 
technic Institute 

A. H. White, University of 
Michigan. 

II. T. Heald, IlllnuiH Instl 
tute of Technology. 
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SUMMER SCHOOLS FOE ENOINEEEINO TEACHERS. 

Habbt P. Hammond, Director. 

1927~-Engineering Mechanics, Cornell University. 

1927— Engineering Mechanics, University of Wisconsin. 

1928— Electrical Engineering, University of Pittsburgh, and Weslinghouse E. 

& M. Company. 

1928— ^Physics, Massachusetts Institute of Technology. 

1929— ^Mechanical Engineering, Purdue University. 

1930— Civil Engineering, Tale University. 

1930— Engineering Drawing and Descriptive Geometry, Carnegie Institute of 

Technology. 

1931— Chemical Engineering, University of Michigan. 

1931— Mathematics, University of Minnesota. 

1932— Economics, Stevens Institute of Technology. 

1932— English, The Ohio State University. 

1933— Mining and Metallurgy, University of Wisconsin. 

1933—Conference of Administrative Officers, University of Wisconsin. 
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PAST OFFICERS 


PAST OFFICERS. 


Special Oommittee for Division E, Engineering Education, World’s 
Engineering Congress, 1893. 

IRA O. BAKER,* Chairman, HENRY T. EDDY,* Vice-Chairman 

WM. R. HOAG, Secretary, C. PRANK ALLEN, Sec’y, pro tern. 

MORTIMER E. COOLEY, SAMUEL W. STRATTON,* 

STORM BULL.* 


PRESIDENTS. 


DE VOLSON WOOD,* 1893-4, 
GEORGE P. SWAIN,* 1894-5, 

M. MERRIMAN,* 1895-6, 

HENRY T. EDDY,* 1896-7, 

.lOTlN B. JOHNSON,* 1897-8, 

T. C. MENDENHALL,* 1898-9, 

IRA O. BAKER,* 1899-1900, 
PRANK O. MARVIN,* 1900-1, 
ROBERT PLETCHER,* 1901-2, 
CALVIN M. WOODWARD,* 1902-3, 
C. PRANK ALLEN, 1903-4, 

FRED W. McNAIR,* 1904-5, 
CHARLES L. CRANDALL,* 1905-6, 
DUGALD C. JACKSON, 1906-7, 
CHARLES S. HOWE,* 1907-8, 
FRED. E. TURNEAURE, 1908-9, 
HENRY S. MTTNROE, 1909-10, 
ARTHUR N. TALBOT,* 1910-11, 
WM. G. RAYMOND.* 1911-12, 

WM. T. MAGRUDER,* 1912-18, 

G. C. ANTHONY,* 1913-14, 

ANSON MARSTON, 1914-15, 
HENRY S. JACOBY, 1915-16, 
GEORGE R. CHATBURN,* 1916-17, 


MILO S. KETCHUM,* 1917-18, 
JOHN P. HAYFORD,* 1918-19, 

A. M. GREENE, JRr, 1919-20, 
MORTIMER E. COOLEY, 1920-21, 

C. P. SCOTT, 1921-22, 1922-23, 

P. P. WALKER,* 1923-24, 

A. A. POTTER, 1924-25, 

G. B. PEGRAM, 1925-26, 

O. M. LELAND, 1926-27, 

R. L. SACKETT, 1927-28, 

D. S. KIMBALL, 1928-29, 

R. I. REES,* 1929-30, 

H. 8. BOARDMAN, 1930-31, 

H. 8. EVANS, 1931-32, 

R. A. SEATON, 1932-33, 

W. E. WICKENDEN, 1933-34, 

C. C. WILLIAMS, 1934-35, 

D. S. ANDERSON, 1935-36, 

H. P. HAMMOND, 1936-37, 

S, B. EARLE, 1937-38, 

K. T. COMPTON, 1938-39, 

O. J. FERGUSON, 1939-40. 

D. B. PRENTICE, 1940-41 
A. H. WHITE, 1941-1942 


VICE-PRESIDENTS. 

SAMUEL B. CHRISTY,* GEORGE P. SWAIN,* 1893-4, 
ROBERT H. THURSTON,* PRANK O. MARVIN,* 1894-5, 
PRANK O. MARVIN,* CADY STALEY, 1895-6, 

JOHN GALBRAITH,* JOHN M. ORDWAY, 1896-7, 

THOMAS C. MENDENHALL,* HARRY W. TYLER,* 1897-8, 
C. PRANK ALLEN, HENRY W. SPANGLER,* 1898-9, 
ROBERT FLETCHER,* CHARLES D. MARX, 1899-1900, 
THOMAS GRAY,* ALBERT KINGSBURY, 1900-1, 

STORM BULL,* CALVIN M. WOODWARD,* 1901-2, 

JOHN J. PLATHER.* FRED W. McNAIR.* 1902-3. 

CHARLES L. CRANDALL.* JAMES C. NAGLE, 1903-4, 
CLEMENT R. JONES,* ELWOOD MEAD, 1904-5, 

WILLIAM T. MAGRUDER,* JOHN P. JACKSON, 1905-6* 


* DeeetMd. 
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B. C. OABPBNTEE,* CHAELES S. HOWE,* 1906-7, 
CLAEENCE A. WALDO, WILLIAM G. EAYMOND,* 1907-^, 
MOETIMEE E. COOLEY, OLIN H. LANDEETH,* 1908-9, 
AETHUE N. TALBOT,* AETHUE L. WILLISTON, 1909-10, 
MILO S. KETCHUM,* WILLIAM KENT,* 1910-11, 

G. C. ANTHONY,* P. B. GILBEETH,* 1911-12, 

L. S. MAEKS, F. W. SPEKE,* 1912-33, 

H. 8. JACOBY, D. C. HUMPHEEYS,* 1913-14, 

H. H. NOKEIS,* C. BUSS EICHAEDS,* 1914-15, 

G. B. CHATBUEN,* F. H. CONSTANT, 1915-16, 

HOLLIS GODFEEY,* WM. M. THORNTON,* 1916-17, 

JOHN P. HAYFOED,* lEA N. HOLLIS,* 1917-18, 

JOHN T. PAIG, E. B. MAUEER, 1918-19, 

A. A. POTTER, P. P, MeKIBBEN,* 1919-20, 

T. U. TAYLOR,* H. S. EVANS, 1920-21, 

H. J. HUGHES,* E. J. McCAUSTLAND,* 1921-22, 

D. S. KIMBALL, P. G. HIGBEE, 1922-23, 

H. S. BOAEDMAN, O. J. FERGUSON, 1923-24, 

R. S. KING, G. B. PEGRAM, 1924-25, 

H. V. CARPENTER,* F. P. MoKIBBEN,* 1925-26, 

H. W. TYLEB,* W. S. RODMAN, 1926-27, 
a E. MAGNU8SON,* TH08. E. FRENCH, 1927-28, 

C. C. WILLIAMS, G. M. BRAU'NB,* 1928-29, 

E. A. HITCHCOCK, ED. BENNETT, 1929-30, 

C. FRANCIS HARDING,* R, A. SEATON, 1930-31, 

D. S. ANDERSON, H. H. JORDAN, 1931-32, 

PAUL CLOKE, H. S. KOGEES, 1932-33, 

F. V. LARKIN, B. M. BEIGMAN,* 1933-34, 

H. P. HAMMOND, GEO. C. SHAAD,* 1934-35, 

P. H. DAGGETT, S. B. EARLE, 1935-36, 

IVAN C. CRAWFORD, SADA A. HARBARGER,* 1936-37, 

K. T. COMPTON, F. C. BOLTON, 1937-38, 

G. W. CASE, M. L. ENGER, 1938-39, 

B. W. SORENSEN, D. B. PRENTICE, 1939-40, 

E. L. MORELAND, L. E. CONRAD, 1940-^1, 

H. T. HEALD, F. L. EIDMANN,* 1941-42. 


TREASURERS. 


STORM BULL,* 1893-5, 

JOHN J. FLATHER,* 1895-9, 
CLARENCE A. WALDO, 1899-1902, 
ARTHUR N, TALBOT,* 1902-4, 


FRED. P. SPALDING,* 1904-6, 
ANSON MARSTON, 1906-7, 

W. O. WILEY, 1907-42, 

JAS. S. THOMPSON, 1942-. 


SECRETARIES. 


JOHN B. JOHNSON,* 1893-5, 

C. PRANK ALLEN, 1895-7, 
ALBERT KINGSBURY, 1897-9, 
EDGAR MARBURG,* 1899-1900, 
HENRY 8. JACOBY, 1900-2, 


P. L. BISHOP, 1914-. 


CLARENCE A. WALDO, 1902-4, 
MILO 8. KETCHUM,* 1904-6, 

W. T. MAGRUDER,* 1906-7, 
ARTHUR L. WILLISTON, 1907-9, 
HENRY H. NORRIS,* 1909-14, 


^ Deceased. 


ASSISTANT SECRETARIES. 
L. H. HARRIS,* 1914-8, 
NELL MoKBNBY, 1918-. 
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MEMBERS OP PREVIOUS COUNCILS 


BLEOTIVB MEMBERS OF PREVIOUS OOUKOILS. 


Terms of Office Expired in 1894. 

M. E. CooiiKY, H. T. Eddy,* W. F. M. Goss,* 

W. B. Hoao, S. W. Robinson,* H. W. Spanolbr,* 

R, H. Thurston.* 

Terms of Office Expired in 1895. 

H. T. Bovby,* W. II. Burr,* O. H. Landreth,* 

Mansmbi,!) Merriman,* W. G. Raymond,* G. P. Swain,* 

Be Volson Wood.* 

Terms of Office Expired in 1896. 

I. O. Baker,* Storm Bull,* 8. B. Christy,* 

John Galbraith,* .T. B. Johnson,* P. O. Marvin,* 

C. D. Marx. 

Terms of Office Expired in 1897. 

H. T. Eddy,* J. J. Flather,* J. P. Jackson, 

Albert Kingsbury, L. S. Randolph, 8. W. Robinson,* 

R. II. Thurston.* 

Terms of Office Expired in 1898. 

C. P. Allen, C. L. Mees,* Mansfield Merriman,* 

J. M. Ordwav, W. G. Raymond,* Cady Staley, 

R. S. Woodward.* 

Terms of Office Expired in 1899. 

Arthur Beardsley,* Robert Fletcher,* John Galbraith,* 

WiiJiiAM Kent,* T. C. Mendenhall,* W. H. Schuerman,* 

M. E. Wadsworth.* 

Terms of Office Expired in 1900. 

Storm Bull,* L. G. Carpenter,* Albert Kingsbury, 

P. O. Marvin,* B. B. Owens,* B. L. Sackett, 

R. H. Thurston.* 

Terms of Office Expired in 1901. 

T. N. Drown,* M. A. Howe, I. N. Hollis,* 

Gaetano Lanza,* P. C. Ricketts,* R. G. Thomas,* 

C. M. Woodward.* 

Terms of Office Expired in 1902. 

Brown Ayres, G. W. Bissell, J. J. Flather,* 

W. T. Magruder,* F. W. McNair,* j. M. Porter,* 

A. J. Wood.* 

Terms of Office Expired In 1903. 

C. F. Allen, D. C. Jackson, N. C. Bicker, 

J. P. Brooks, Edgar Marburg,* A. L. Williston, 

J, C. Nagle. 


* Deceased. 
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Terms of Office Expired in 1904. 

W. F. M. Goss,* Thomas G&at,* D. 0. Humphrbts,* 

O. H. Landretb,* W. G. Batmond,* L. £. Bbbbb, 

L. S. Bandolpb. 

Terms of Office Expired in 1905. 

Wm. Bstv,* L. J. Johnson. W. M. Towle, 

H. S. Jacoby, Elwood Mead, J. L. Van Obnom, 

Edward Orton, Jr.* 

Terms of Office Expired in 1906. 

John Galbraith,* Charles S. TIowe,* Walter M. Biogs,* 

Frederick P. Spalding,* Henry W. Spangler,* Fred. E. Tubneaubb, 

Herman E. Vedder. 

Terms of Office Expired in 1907. 

Thomas Gray,* James C. Nagle, William G. Baymond,* 

Louis E. Bebeb, Arthur N. Talbot,* Clarence A. Waldo, 

Arthur S. Woodward.* 

Terms of Office Expired in 1908. 

Victor C. Alderson, Arthur H. Ford,* H. P. Talbot,* 

Francis C. Caldwell, Henry S. Munroe,* A. L. Williston, 

Frederick W. Sperb.* 

Tenns of Office Expired in 1909. 

Charles F. Burgess,* John F. Haypord,* Thomas W. Palmer, 

Arthur M. Greene, Jr., Milo S. Ketchum,* Joseph A. Thaler,* 

Henry H. Norris.* 

Terms of Office Expired in 1910. 

Fred W. Atkinson, Walter B. Bussell,* Willum S. Franklin,* 

Mortimer E. Cooley, William Kent,* Charles F. Scott, 

Harold B. Smith.* 

Terms of Office Expired in 1911. 

L. P. Breckenkidoe,* Lewis J. Johnson, William G. Baymond,* 

Thomas Gray,* W. T. Maoruder,* Herman Schneidkr,* 

Clarence A. Waldo. 

Terms of Office Expired in 1912. 

Frederick A. Goetzs,* H. Wade Hibbard,* Edw. B. Maurer, 

Frank H. Constant, John H. Lebte,* John C. Ostrup, 

Chas. Buss Biorabos.* 

Terms of Office Expired in 1913. 

C. H. Benjamin,* £. £. Brydonx^aok, John F. Haypord,* 

G. W. Bissell, W. H. Creighton, 0. Buss Bichabds,* 

H. W. Tyler.* 

Terms of "Office Expired in 1914. 

J. E. Boyd, F. L. Emory, J. A. L. Waddell,* 

C. H. Crouch, C, B. Magnusson,* A. J. Wood,* 

H. H. Stork.* 


* Deceased. 
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MEMBERS OF PREVIOUS COUNCILS 


F. L. Bishop, 

G. B. Chatburn/ 


John F. Hatpobo,* 
M. B. Khtohou,* 


R. H. Fkenau),* 

A. H. FUIiLRB, 


L. P. Breckenridok, 
C. L. COET, 


A. H. Blanchard, 
W. H. Browne, Je., 


T. U. Taylob,* 

K. G. Matheson,* 


Feeoebick Bass, 

C. Francis Harding, 


H. S. Boardhan, 
F. C. Bolton, 


J. F. Merrill, 
W. H. Timbie, 


P. H. Daqoett, 
J. H. Dunlap,* 


M. W. Alexander,* 
Edw. Bennett, 


Terms of Office Expired in 1915. 

O. P. Hood,* W. B. Snow,* 

G. D. Shspabdbon,* J. C. Tract, ^ 

F. P. McKibben.* * 

Terms of Office Expired in 1916. 

F. P. Shalding,* P. F. Walker,* 

A. S. Langsdoep, 8 . M. Woodward, 

H. W. Tyler.* 


Terms of Office Expired in 1917. 

A. M. Greene, Jr., D, O. Miller,* 

E. V. Huntington, W. M. Rioos,* 

V. Kabapetoff. 

Terms of Office Expired in 1918. 

C. H. Crouch, F. P. McKibben,* 

O. P. Hood,* C. D. Shepabdson, 

J. B. Whitehead. 

Terms of Office Expired in 1919. 

T. E. French, F. G. Hiobee, 

R. W. Gat, R. J. McCaustland.* 

A. A. Potter. 

Terms of Office Expired in 1920. 

C. J. Tilden, Frank Atdelottb, 

C. F. Scott, \V. E. Mott, 

L, M. Hoskins.* 

Terms of Office Expired in 1921. 

O. A. LEUTWti.ER, J. Baleioh Nelson, 

* C. R. Mann,* F. L. Prtor, 

W. J. Bislet. 

Terms of Office Expired in 1922. 

E. F. CODDINGTON, C. C. MORE, 

W. H. Kavanaijoii,* E. H. Rockwell, 

W. S. Rodman. 

Terms of Office Expired in 1923. 

B. S. Kino, L. L. Thurstone, 

J. H. Feloar, C. C. Wiltaams, 

J. C. Tract. 

Terms of Office Expired in 1924. 

M. L. Engeb, O. M. Leland, 

J. C. L. Fish, F. £. Giesecke, 

Morris Knowles.* 

Terms of Office Expired in 1926. 

H. S. Evans, H. J. Hughes,* 

E. A. Hitchcock, C. E. Magnusson,* 

G. C. Shaad.* 


* Deceased. 
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D. S. ANDzasoN, 
H. C. Bkrbt, 


W. E. Bboosx, 
G. M. Butler, 


G, M. Braune,* 
B. M. Briqman,* 


Saua a. Hahhakokr, 

W. K. Hatt, 


J. M. Bryant, 
S. B. Earle, 


Paul Cloke, 

C. S. COLER, 


I. C. Crawford, 
C. B. Dooley, 


L. £. Akeley, 
B. E, Doherty, 


L. E. Conrad, 
B, G. Elliott, 


W. M. COBLEIOH, 
H. B. Dirks, 


F. E. Ayer, 

K. T. Compton, 


Toznui of Office Expired in 1926. 

W. N. Barnard, Hugh Miller, 

P. A. Fish, P. E. Seayxy,* 

E. J. Babcock.* 

Terms of Office Expired in 1927. 

H. H. Jordan, E. B. Norris, 

W. H. Eenerbon, Harold Pender, 

W. E. WiCKENDEN. 

Terms of Office Expired in 1928. 

W. C. Hoad, C. V. Mann, 

J. A. Hunter,* C. H. Mitchell,* 

R. I. Rees.* 


Terms of Office Expired in 1929. 

* E. R. Hedkk’k,* B. a. Seaton, 

J. J. Richey, J. W. Votey,* 

S. M. Woodward. 

Terms of Office Expired in 1930. 

S. S. Edmands,* a. C. Lanier,* 

H. P. HamiIond, C. M. McKerqow, 

D. B. Prentice. 

Terms of Office Expired in 1931. 

R. C. Disque, H. S Rogers, 

T. M. PoCKE, C. H. Warren, 

J. J. WiLMORE. 

Terms of Office Expired in 1932. 

R. C. H. Heck, W. C. Huntington, 

H. H. Higbie, N. C. Riggs, 

W. H. Timbie. 

Terms of Office Expired in 1933. 

W. E. Farnham, T. j. Hoover, 

Augustin Frigon, P. V. Larkin, 

J. E. McDaniel. 

Terms of Office Expired in 1934. 

A. M. Dudley, P. L. Eidmann,* 

A. E. Norton,* G. A. Stetson, 

E. R. Wilcox. 

Terms of Office Expired in 1935. 

F. E. Johnson, C. W. Park, 

Morland King, A. P. Poorman, 

Harry Rubey. 

Terms of Office Expired in 1936. 

J. B. Finnegan, B. B. Van Leer. 

W, N. Gladson, H. B. Walker, 

C. H. Willis. 


* Deceased. 
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MEMBERS OF PREVIOUS COUNCILS 


G. P. Boomslitbb, 
O. W. Cask, 


J. W. Barker, 
M. M. Boring, 


S. W. Dudley, 
0. W. Eshbach, 


G. F. Eckhaed, 
D. S. Elliott, 


H. H. Abmsby, 
11. T. Heald, 


K. H. (.’ONIUT, 

R. C. Kun.st, 


Tenns of Office Expired In 

C. E. Davies, 

H. N. Davis, 

W. T. Byan.* 

Terms of Office Expired In 

A. B. Domokosse, 

L. E. Grinter, 

F. L. Plummer. 

Terms of Office Expired in 

H, J. Gilkby, 

E. A. Holbrook, 

B. L. SWEIGEBT. 

Terms of Office Expired in 

F. M. Feiker, 

S. C. Hollister, 

A. H. White. 

Terms of Office Expired in 

Louis Mitchell, 

C. A. Mock MORE, 

R. B. Wiley. 

Terms of Office Expired in 

V. M. Faires, 

H. A. Fisher, 

B. M. Woods. 


1937. 

O. L. Eckel, 

P. T. Norton, • 

1938. 

T. H. Morgan, 
S. C. Ogburn, 

1939. 

F. W. Marquis, 
R. W. Morton, 

1940. 

C. E«,MacQuiog, 
F. B. Seely, 

1941. 

VV. B. Plank, 

J. S. Thompson, 

1942. 

( 1 . L. Kinsloe, 
L. G. STRAirB, 


* Deceased. 
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CONSTITUTION. 

ABTICLB I. 

Name and Objects. 

1. The name of this organization shall be the Society for the Promotion of 
Engineering Education. 

2. The objects of this Society shall be the promotion of the highest ideals 
in the conduct of engineering education with respect to administration, cur¬ 
riculum, and teaching work, and the maintenance of a high professional stand¬ 
ard among its members. The means to this end shall include educational 
research, the holding of meetings for the reading and the discussion of pro¬ 
fessional papers, and the publication of papers, discussions, and communica¬ 
tions as may seem expedient. 


ARTICLE II. 

Membership. 

Membership in the Society sliall be of two general classes, Institutional 
and Individual. 

Institutional members shall be of two classes, active and associate. The 
active institutional members shall be recognized institutions giving bacca¬ 
laureate or equivalent degrees for curriculums in engineering, and distinguished 
national professional engineering societies. Associate members shall be other 
educational institutions giving instruction in engineering. Institutional mem¬ 
bers shall be entitled to representation at all meetings of the Society or its 
divisions by regularly appointed delegates, one for each institutional member 
concerned. 

Individual membership shall be of tw^o classes. Active and Honorary. It 
shall comprise those persons who occupy or have occupied responsible positions 
in the work of engineering instruction, engineering practitioners, and other 
persons interested in engineering education. 

Honorary members of the Society shall be such persons as may be recom¬ 
mended by unanimous vote of the Council in a letter ballot to be taken by the 
Secretary on the recommendation of twenty members of the Society in the 
manner provided hereinafter for proposals for individual members. Councilors 
not heard from within one month from the date of mailing the ballots will be 
counted in favor of the candidate. Honorary members shall not have the right 
to vote, shall not be eligible to office, and shall not be required to pay any fees 
or dues. 

A member in good standing may become a life member, exempt from all 
future payments for dues, by a single payment of an amount equal to twenty 
times the annual dues. Such payments received by the Society shall be placed 
in a separate fund known as the Life Membership Fund. The interest earned 
on this fund shall be used as current income. 

An individual member who has been in good standing for tivcuty-flve years 
or more, who has reached the age of 65 years, and who has retired from active 
professional life, may, upon written request, be designated as a life member 
by vote of the Council, and shall thereafter be exempt from the payment of 
dues. 

The name of each candidate for active individual membership shall be 
proposed in writing to the Secretary by two members by whom the candidate 
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is personally known. The proposal shall state the qualifications on which it is 
based. The name of a candidate for institutional membership shall be pro¬ 
posed by any member familiar with the work of the institution, on*receipt of 
an application signed by a responsible officer thereof. An affirmative letter 
ballot of three-fourths of those members of the Council whose votes reach the 
Secretary within one month from the time of sending out the name of the 
candidate shall elect. Such letter ballot elections, occurring before February 
1, shall be credited to the previous annual meeting and dues shall date from 
that time; elections occurring after February 1 shall be credited to the next 
annual meeting and the dues for the remainder of the year shall be one-half 
the annual dues. 

ARTICLE III. 

Dues. 

1. There shall be no admission fee. 

2. The annual dues shall be as stated in the By-Laws. 

3. Dues are payable in advance at the time of the annual convention, and 
become delinquent at the end of the fiscal year for which they are assessed. 
Dues of new members are payable at the time‘of election, and become de¬ 
linquent at the end of the fiscal year within which the members are elected. 

4. Members in arrears one year shall be retained on the roll of the Society, 
but shall not receive publications until such time as all arrearages are paid. 
Members in arrears two years, and who have been duly notified by the Secre¬ 
tary, shall be dropped from the roll of the Society until such arrearages are 
paid. The Secretary shall notify all members in arrears one month previous to 
the close of the fiscal year. The fiscal year shall terminate on the thirtieth 
day of June. 

ARTICLE IV. 

Officers. 

Tliore shall be a President, a First Vice President, and a Second Vice 
President, each to hold office for one year. There shall be a Secretary and a 
Treasurer, both to be appointed by the Council. In ease of a vacancy in the 
office of President, the First Vice President shall succeed to that office. In 
case of a vacancy in the office of First Vice President, the Second Vice Presi¬ 
dent shall succeed to that office. 


ARTICLE V. 

CouNon.. 

1. The Council of the Society shall consist of twenty-one elective members, 
one-third of whom shall retire annually, and the officers and the past presidents 
of the Society. 

2. Any individual member of the Society shall be eligible to election to the 
Council, provided that not more than one elective member shall be from the 
faculty of any one institution. 

3. The elective officers and members of the Council shall continue in office 
for a period of ten (10) days after their successors shall have been elected. 

ARTICLE VI. 

Elsction of Officebs and Mbubebs of tbb Council. 

1. The President, the two Vice Presidents, and one-thin# of the elective 
members of the Council shall be elected each year from the individual member¬ 
ship by ballot of the Society at the annual meeting. 
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2. Tiiere shall be a Nominating Committee consisting of the past presi- 
(timts, the members of the Council retiring the following year, and one mem- 
her of the Society from each Section, who shall have been elected for a term 
of one year at a regularly called meeting of the Section and duly certified to 
the Secretary of the Society before May 15. If, however, the total number 
of committee members attending any meeting of the Committee for ofiicial 
uotion be less than five, the President shall appoint a sufficient number to 
form a committee of five. The Committee shall report to the Society, at the 
business session provided therefor in the program, its nominations of officers 
for the ensuing year and of councilors for three-year terms and for any incom¬ 
plete t<*rms necessary to fill vacancies. 

The senior Past President prcisent nt the opening of the committee meeting 
shall serve us its chairman. 

Members of the Council who are serving the first year of their terms shall 
be invited by the Secretary to attend the meetings of the Nominating Com¬ 
mittee as observers without voice. 

By means of a form to be printed in The Jotibnal or Engineering Edu¬ 
cation or in the preliminary program of the animal meeting, an opportunity 
shall be given to individual members of the Society to submit names of per¬ 
sons to bo considered for officers and for the Council. These names, on the 
form piHivided, shall be sent to the Secretary of the Society not later than 
May 15; and, as soon thereaftei' as pwsiblc, the Secretary shall send the 
stiggestcd names to all members of the Nominating Committee. 

ARTICLE Vll. 

Sections, Branches and Divisions 

1. A Section of the Society may be formed by members in two or more 
institutions, or by the members within a prescribed territory. A Section may 
be formed in any locality by a temporary organization which shall become a 
duly authorized section of the Society upon the approval of the Council. Sec¬ 
tions may determine their own form of organization, but ahall operate in 
conformity with the Constitution and the By-Laws of the Society and shall 
make a report of their proceedings to the Secretary of the Society. Sections 
shall bo self-sustaining. 

2. A Branch may be formed in any institution by a temporary organiza¬ 
tion which shall become a duly authorized Branch of the Society upon approval 
by the Executive Committee. Branches may determine their own form of 
organization, but shall operate in conformity with the Constitution and the 
By-Laws of the Society and shall make a report of their proceedings to the 
Secretary of the Society. Branches shall be self-sustaining. 

Branches may cooperate with, or be a part of, other organizations having 
the same general purposes as this Society. The general purpose of Branches is 
to extend the interest in, and the discussion of, questions relating to the 
teaching of engineering students and to bring to the Society at large, through 
its publications, the activities in all institutions that will be serviceable to the 
members of the Society. 

3. Papers and discussions presented before Sections or Branches shall be 
the property of the Society and may be published as Society proceedings if 
authorized by the Publication Committee. Permission to publish elsewhere 
may be granted by the Conndl on condition that the Society receives proper 
credit. 

4. When approved by the Council, Divisions may be formed by any group 
of members for the consideration of questions which relate particularly to that 
group. 
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ARTICLE VIII. 

Msetinos. 

There shall be at least one annual meeting at such time and place as the 
Society at the preceding meeting, or the Council, if the Society does not act, 
may determine. There shall be sectional and branch meetings as the members 
of the different sections and branches may determine. 

ARTICLE IX. 

Publications. 

1. The formal publications of the Society shall be a monthly journal to 
be published from September to June, inclusive, and a year book. The 
Journal shall contain the proceedings of the annual convention, and such other 
pertinent papers as may be submitted to, and approved by, the Publication 
Committee. A bound volume of the Journal for each lAirrent year shall con¬ 
stitute the Proceedings of the Society. 

2. Each individual member, not in arrears, shall receive the Journal. 
Each institutional member shall be furnished with two copies of the Journal 
and two copies of the Proceedings of the Society. 

Volumes of the Proceedings will be sold to members who subscribe for 
them at a cost to be determined each year by the Executive Committee. Sub¬ 
scriptions for the Proceedings must be received in advance by the Secretary 
on or before October 15 of each academic year. 

ARTICLE X. 

Amendments. 

This Constitution may be amended by a two-thirds vote of those present 
at any regular meeting of the Society, provided that all members have been 
notified of the proposed amendment by notices mailed from the Secretary’s 
office at least 30 days prior to the regular meeting at which action is had, and 
provided that the amendment shall have been approved by the Council by a 
two-thirds vote of the members voting by letter or voice. 


BY-LAWS OF THE SOCIETY AND BULES OOVEBNINO 

THE COUNCIL. 

First. The officers of the Society shall constitute a committee to arrange 
for the annual meeting and to prepare a program for it. 

Second. The President, the two Vice-Presidents, the Secretary, and the 
Treasurer shall constitute an Executive Committee which shall have charge of 
all matters relating to the expenditure of money of the Society, the making of 
contracts, the approval of bills, and also during the period between the meet¬ 
ings of tile Council shall have charge of other business affairs of the Society. 

Third. Expenditures of money may be made only in accordance with a 
definite appropriation or by direct vote of the Executive Committee. 

Fourth. The annual dues shall be $6.00 for individual members, and 
$16.00 for institutional members. 

Fifth. Reading of papers shall be limited to fifteen lAnutes each, or to 
such other time as may be designated by the Program Committee, and abstracts 
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of papers of about three hundred words shall be printed when practicable, and 
distributed in advance to the members. 

Sixth. The time occupied by each person in the extemporaneous discus* 
sioo of any paper shall not exceed five minutes. 

Seventh. The President, the Secretary, and the retiring president shall 
constitute a Publication Committee, of which the Secretary shall be chairman, 
to edit and to have charge of the publication of the monthly Jowmal. 

Eighth. The subscription price of the Journal shall be three dollars per 
}’par, payable in advance. 

Ninth. Any educational institution which has one or more of its cur- 
riculums accredited by the Engineers* Council for Professional Development 
shall be considered as recognized” within the meaning of the constitutional 
requirement for active institutional-membership, and no other educational in¬ 
stitution within the United States or its territorial possessions shall be so 
considered. 

Tenth. Any engineering degree-granting educational institution in con¬ 
tinental North America, outside of the United States, shall be considered as 
“recognized*'; 

(a) If one or more of its engineering curriculums have been accredited 
by an agency whose standards are adjudged by the Council of the Society to be 
not lower than those of the Engineers* Council for Professional Development, or 

(h) If no suitable accrediting agefi^y is available to appraise its engi¬ 
neering curriculums, but one or more of these curriculums are adjudged by the 
Council of the Society, upon satisfactory evidence, to meet standards not lower 
than those of the Engineers * Council for Professional Development. 

Eleventh. Any Junior College or other educational institution giving in- 
.struction which is adjudged by the Council of the Society, upon satisfactory 
evidence, to be substantially equivalent to the first two years of one or more 
curriculums accredited by the Engineers’ Council for Professional Develop¬ 
ment shall be considered as among those institutions “giving instruction in 
engineering” witldn the meaning of the constitutional requirement for associate 
institutional members. 

Twelfth. Additions or amendments may bo made to these By-Laws at any 
regular meeting of the Society by a two-thirds affirmative vote of the mem¬ 
bership present at the business session, provided that the additions or amend¬ 
ments shall have been approved by a two-thirds afidrmative vote of the Council 
membership in attendance at the meeting, and shall have been recommended 
by that body for adoption. 





MERRy-GO-WHEU 

DEVICE that rotates in the manner 
of a combination merry-go-round 
Ferris wheel has been developed to 
•d the drilling of marine gear cas- 
I at a General Electric plant, 
nown as a universal indexing trun- 
1 fixture, the device permits quick 
ing of the casings for drilling at any 
Ic in a full circle and on any plane, 
i^ement is controlled by a push- 
on. 

bout 110 holes must be drilled and 
'cd in each of the casings. Formerly 
ook a crane to move the casings 
ich vary in weight from 1000 to 
' lb) after each surface was drilled, 
every piece of work had to be set 
t least six times. 

ow work is set up just once- on a 
- that can be turned completely 
nd in either direction with no more 
t than it takes to push a revolving 
-and, amazingly enough, 24 to 32 
s a week arc savw. 


THE BETTER TO SEE WITH 

pARTlCLES as small as one millionth 
of an inch- one thousandth of the 
diameter of a human hair—can be 
clearly seen with the new G-E electron 
microscope. 

Developed by Drs. C. H. Bachman 
(Iowa State, ’32) and Simon Ramo 
(U. of Utah, ’33), the new instrument 
can magnify a specimen as much as 
10,000 times and reveal the actual com¬ 
position and structure of such minute 
things as dust and smoke particles. 

Here’s how it works: a beam of elec¬ 
trons inside a vacuum chamber passes 



through the specimen, passes through an 
“electron lens,” and produces a magni¬ 
fied picture on a fluorescent view screen. 
This image can then be photographed 
outside the tube and enlarged up to 
100,000 times the original specimen. 

The microscope, designed for use in 
small laboratories and war plants, is 
portable and operates on ordinary house 
current. General Electric Company, 
Schenectady, N. Y. 


A COMPLETE 
PRINTING 


SERVICE . . . 

Good printing does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For over sixty years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 
languages. Consult us about your next job. 


PRINTERS OF THE 

JOURNAL OP ENOINEERING EDUCATION 


LANCASTER PRESS, Inc. 

PRINTERS . BINDERS . ELECTROTYPERS 

ESTABLISHED 1877 LANCASTEIL PA. 





ORDER YOUR 
COPY NOW 


Original and important information for mining 
and petroleum engineers, supervisors and pro¬ 
duction men of mining and oil comi>anies, geol¬ 
ogists, geophysicists, prospectors, patent at¬ 
torneys and others. Dr. Jakosky, Dean, 
School of Engineering, Professor of Petroleum 
Engineering, University of Kansas, was aided 
by staff^ of 32 nationally-known gcopliysicists 
in compiling this book. 

A Complete Compilation of 
1^ Modern Geophysical Techniques 

Describes and illustrates the fuiidainental theorirs, de¬ 
tailed, descriptions of instruments, equipment and field 
techniaues of the , recognized exploratory geophysical 
methods and applications to problems of economic 
geology. 430 illustrations, 786 pages, easy to read. 
Adopted as'> textbook by many leading universities. A 
standard reference book of ail times. Sold with privilege 
of return for full credit 

TIMES-MIRROR PRESS, 110 s. Broadway. Los Angeles, Calif. 









NEW RONALD BOOKS 


I FOR ENGINEERS. 

Accounting Fundamentals 

A Textbttok for Industrial and Engineering Courses 

liy Richiird K. Strahlem, C.P.A., Assistant Professor of Gen¬ 

eral Engineering, Purdue University 

T ills now texLt)ook ullors a .short course on acooiiiiting. Designed 
especially for students in engineering clns.scs and tested with them, 
it is practical also for other profe.ssionaI schools and in adult training 
I)rogranis for industry. Basically it covers ground common to account¬ 
ing texts hut places its emphasis on the industrial corporation. All 
problems are relaterl to manufacturing companies, as is the practice 
.set that provides a simplified view of job order co-sts.* 

In addition to its coverage of statements, accounts, journals, the 
voucher system, adjusting, closing, the work sheet; a.s.sets, liabilities, 
and net worth, this brM>k provides an elementary survey of cost account¬ 
ing and spetafic order costs. The aini is to giv^e the student a general 
picture of problems in cost determination. The final chapter deals 
with statement analysis. For the many students who require a knowl¬ 
edge of fundamentals within a relatively short course, this is an excellent 
text, brief but (xvmprehensivc. 72 illustrations, 365 pages. $3.50 

Practice Forms and Practice Set. $1.25 


Industrial Management 

By Arthur G. Anderson, Professor of Business Organization and Opera¬ 
tion, Univ. of Illinois; Merten josemh Mandcville, Assistant Pro¬ 
fessor of Business Organization and Operation, Univ. of Illinois; and 
John Mueller Anderson, Mechanical Engineer, Minneapolis- 
Iloneywell Regulator Company. 

A S a text for students of organization and management, this book is 
intended to precede specialized training in any management Held. 
With its scientific approach to manufacturing from material based on 
theory, research and practice, it presents abstract principles clothed in 
facts to explain operating detail. Further clarification results from 
many case applications from small and large institutions. 

The relationship beltveen industry and society as a whole has become 
the imijortant angle of approach to industrial management and this 
book places it in the foreground. Chapters deal with company contacts 
with stockholders and customers; with organization of ownership and 
for management; with plant location, construction, and equipment for 
ellicicnt operation; on product standardization; on employer-employee 
relations; on control devices to eliminate waste, to provide minimum 
cost with maximum production. 

175 illustrations, 24 tables, 612 pages. $4.50 

Examination Copies of these Books will be Sent on Request 

THE RONALD PRESS COMPANY 

!== 15 East 26th St. = New York, N. Y.= 






This is the way to win a hottle in the desert 


Libya and North Africa made it 
clearer than ever: This is a war of 

SUFFLY. 

In 1918, an American soldier could 
1)6 equipped and maintained on 5 
tons of supplies each year. 

But today, for every soldier sent 
at)road, of sliipping space 

must be provided for equipment 
(done. And it takes an additional 
18 tons of shipping to supply a single 
(foldier for a year! 

Supply is a matter of ships. 

And ships need eledrixity. 

Vast quantities of electric power, 
for a thousand vital tasks that must 
be done to take a convoy safely 
across the seas... 

Electricity to steer the vessels and 
operate the radios and signal lights. 

Electricity to detect the approach 
of enemy subs and planes, to sound 
the alarm, to organize the defense. 

Electricity to power great cargo 


winches, and delicate navigating in¬ 
struments. 

Electricity to make magnetic 
mines harmless, to provide invisible 
“black light” for reading charts at 
night. Electricity to keep foo<l fresh, 
to cook it, to ventilate the ships, to 
provide comfort for the crews. 

Elcctrwiiy in every freighter^ every 
tanker, every Navy escort vessel—to 
help vnn the ivar of supply! 

We of W'estinghouse take tre¬ 
mendous pride in building so much 
of the electrical equipment, so many 
of the great turbines and gears and 
electric drives, for the .ships of 
America’s Navy and Merchant 
Marine. 

Into every piece of that equipment 
go all our *‘know-how,” all our .skill, 
all our determination to do our share 
in this war—and if possible, a little 
more. 

W^estinghouse Electric & Manu¬ 
facturing Company, Pittsburgh, Pa. 


Wfestinghouse 
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Edwards Brothers 

LITHOPRINTINC^i 

is SPEEDY/ 


B ecause we Imve standardized the production of 
eollei^o texts and manuals, we are able to turn out 
your book in a fraidion of the time it takes to publish the 
average printed book. 

IjithoyrhiliiKj is not oidy eeoiiomicaJ, but speedy. We 
frequently turn out complete books in one week to ten 
(lays after receipt of order; and a 100-page 1)ook in three 
weeks, inchidiiig preparation of the master copy, i^ just 
a routine job for our plant. 

If you are planning a text or manual for 
use in your classes, there’s no need to worry 
about getting it out on time. If you’re in 
a hurry, send us your MS., tells ns how 
many copies you’ll need—and we’ll send 
you an estimate by return mail. 

Lithoprinting will provide your students with attractive, 
n'adable texts, in substantial, permanent form, at low 
«'ost—in many cases, even less than the cost of stencil- 
printed sheets. 

Why not consider Lithoprinting for your book ? Use the 
coupon below if you’d like full details, and a copy of our 
“Manual of Lithoprinting,” which you will find inter¬ 
esting and helpful. 

EDWARDS BROTHERS, INC. 

Lithopr inters 

ANN ARBOR - - - MICHIGAN 


Edwards Brothers, Inc. 

Ann Arbor, Mich. 

Send me, without obligation, details of Lithoprinting and a 
copy of your “Manual of Lithoprinting.’' 

Name ... 

Address...st. 







VAN NOSTRAND TEXTS FOR TODAY'S NEEDS 

>•1 

In Elementary and (^neral Courses 

Second Edition INDUSTRIAL ELECTRIC¬ 


DRAFTING FOR ENGI- 
NEERS 

Svensen 

Clear, complete explanations help the student 
to master quickly thc> fundamentals and their 
applications. 

B06 pp. Cloth t:l.00 

DRAFTING PROBLEM 
LAYOUTS 

Svensen, Schumann, and Street 

Superbly-executcd layouts cover every typo of 
drafting problem, and the three commonly- 
used styles of lettering. 

116 pp. $2.00 

V MANUAL OF AIRCRAFT I 
DRAFTING 

Svensen 

'Phis complete treatment starts from the basic 
principles of drafting and includes the latest 
practice of aircraft companies and authoritie-s 
from coast to coast. 

273 pp. Cloth *2.76 

APPLIED MECHANICAL 
DRAWING 

Pauli and Sgro 

lOvery problem has originute<l in real shop work 
and every lesson is part of a systematio training. 

204 pp. Cloth S1.50 

INDUSTRIAL SHEET 
METAL DRAWING 

Pauli 

■4n excellent co-ordination of clearly-explained 
theory with the practical details of sheet metal 
drawing. 

16.3 pp. Cloth *1.60 

Seventcientb Edition 

SWOOPE’S LESSONS IN 
PRACTICAL ELECTRIC¬ 
ITY 

Hauamann 

The most widespread use, for more than f^rtv 
years, has proved that these methods tosen 
clectrici^ to beginners most quickly, clearly, 
snd'thoroughly. 

694 pp. Cloth *2,60 


ITY 

Nadon and Gelmine 

This text teaches students practical industrial 
electricity, right from its fundamentals, cover¬ 
ing every important application. 

007 pp. Cloth *.3tj)0 

BASIC RADIO 

Hoag 

Rvery important radio circuit, from the simplest 
to the most complex, is skillfully taught by 
explanation and application, in peace and war. 

379 pp. Cloth *3.25 

Second Edition 

APPLIED KINEMATICS 

Billings 

‘'’Itetaining all its effective teaching points, this 
new edition includes the latest developments 
in engineering and its pedagogy. 

.320 pp. Cloth $3.2.‘> 

MACHINE SHOP: THEORY 
AND PRACTICE 

Wagener and Arthur 

All topics and methods in this book have been 
proved in actual class work to teach machine 
shop technique quickly. 

300 pp. Cloth edition *2.28 (Paper edition *1.60; 

WORKBOOK ON MACHINE 
SHOP: THEORY AND 
PRACTICE 

Wagener and Arthur 

Designed to accompany the above text, this 
manual covers thoroughly both hand tools and 
machine tools. 

188 pp. Paper *1.(X) 

THE MATHEMATICS OF 
THE SHOPS 

McMackin and Shaver 

The basic operaUons of mathematics are taught 
from the standpoint of the man in the shop, and 
are then used directly in solving tho problems 
in every branch of shop work. 

444 pp. Cloth *2.60 


O. VAN NOSTRAND COMPANY, Inc. 

250 4th AVE., ^fEW YORK 
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JL our future is not forgotten 

if A MESSAGE TO MEN IN COLLEGE 

Inhere will be a future. 

The very service you are being called upon to render 
to your country is assurance of that. We know the stuff 
yoii’i'e made of, because we have watched two generations 
of college men join our ranks and grow with us. 

And the materiel which we older men in industry are 
pouring out makes assurance doubly sure. 

What kind of future will you have? 

By chapter and verse, no one can recite exactly.. But 
a lot of folks like us mean to see that Opportunity is 
going to be greater than any generation of young men 
has ever known. 

Every hour of thinking lime we can catch on the fly 
is devoted to that one aim. Here at Alcoa we call it 
Imagincering. We are letting our imagination soar, 
and ballasting it with engineering experience. Our 
purpose is to make aluminum make jobs where none 
ever existed before. 

The exciting new uses we glimpse for Alcoa Aluminum 
are our part of the groundwork of the structure of peace 
you will come back to help to build. 

Your chance is going to be the creative chance. The 
materials, the tools, the techniques, will be ready and 
waiting. Your imagination, your ingenuity, your courage 
to do, cannot, must not, fail to have their turn. 

As man to man we say it, soberly: Your future is 
not forgotten. 

A PARENTHETICAL ASIDE: FROM THE AUTOBIOGRAPHY OF 

ALCOA ALUMINUM 


• This measflge is printed by Aluminum Company of 
America to help people to understand what we do and 
tvhat sort of men make aluminum grow in* usefulness. 






IMPORTANT McGRAW-HILL BOOKS 


Map fntorpratalion with Military Application* 

By William C. Pdtnam, University of California at Los Angeles. 61 pageS) 
si z 11, 26 illustrations. fl.2S 

English for Enginoors. New fourth edition 

By the late Sada A. Habbaroer, and Anite B. Whitmer and Robert 
Price, Ohio State University. 225 pages, 5i z 8. $1.75 

% 

Mechanics of Materials. New, second edition 

By the late S. G. George and E. W. Rettger. Revised by £. V. Howell, 
Cornell University. 491 pages, 6 z 9, 449 illustrations. $3.75 

Job Instruction 

By Vernon G. Schaefer, Pennsylvania State College. 316 pages, 5 z 7i. 
$2.50 

Elementary Electricity. New second edition 

By Edgar P. Slack, Poljrtechnic Institute of Brooklyn. 303 pages, 5iz8, 
240 illustrations. $2.00 

Aircraft Hydraulics 

By Harold W. Adams, Douglas Aircraft Company, Inc. 158 pages, 6 z 9, 
94 illustrations. $1.75 

Vector and Tensor Analysis 

By HOMER y. Craig, University of Tezas. 434 pages, 6z9. $3.50 

Introduction to Architectural Drawing. New second edition 

By Wooster B. Field, Ohio State University. 241 pages, 9|zl2i, 235 
illustrations. $3.00 

Empirical Equations and Nomography 

By DALE S. Davis, formerly of Wayne University. 200 pages, 6 z 9, 70 
illustrations. $2.50 

Timestudy for Cost Control. New second edition 

By PHIL Carroll, Jr., Management Consultant. 301 pages, 6 z 9, 52 illus> 
trations. $3.00 

Send for copies on approval 

McGRAW-HILL BOOK COMPANY, Inc. 

330 West 42nd Street New York, N. Y. 
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NEW WIEEY BOOKS 

Ready in March 

Basic Electricity for Communications 

By W. IT. TIMBII3, Pro/emior of Electrical Engineering and Industrial PracUee, Maasor- 
ehuaetta Institute of Technology. 

A presentation of tho fundamentals of electricity that leads logically to their application 
in problems of communicatiort and radio. Excellent for KSMWT work. 

Approximately 6A0 pages; Hi by Hi 

Alternating Current Circuits 

By R. M. KGRCHNER, Professor of Electrical Engineering, Kansas State CoUege, and 
O. K. CORCORAN, Professor awl Chairman of the Electrical Engineering Department, 
Ifniversity of Maryland, 

A modern and thoroughly revised approach to the subject of aUcrnating-currcnt theory 
and practice. The book is designed for use in basic semester courses in the subject as 
offerM by most engineering collegt!s to junior electrical engineering students. 

Second Edition: Approx. 501 pages; 6 by 9; Probable price. 95.00 

Theoretical Soil Mechanics 

By KARL TCR2SAUI1I, Lecturer, Harvard University; Consulting Engineer. 

Prraonts exclusively tltosc theoretical principles underlying soil tnixihanics which have 
stood the test of exi>erieiico and which are applicable, under certain conditions and re¬ 
strictions, to the approximate solution of practical probleni.s. 

Approximately 408 pages; 0 by 0; Probable price, 95.00 

Thermionic Tubes at Very High Frequencies 

By A. F. HARVEY. 

An account of the properties and behavior of thermionie tu!>es and their relation to those 
of tlio associated electric circuits, witii an indication of their practical application to high- 
frequency probleina. 

944 pages; 6| by Hj; Probable price, 94.00 

Magnetic Circuits and Transformers 

By the ELECTRICAL ENGINEKRING STAFF, Massachusetts Institute of Tech¬ 
nology. 

Basic technological principles of magnetic circuits and transformers, for all students of 
electrical engineering, regardless of tlicir ultimate specially. 

Approximately 757 pages; 6 by 9; Probable price, 96.50 

Applied Electronics 

By tho ELECTRIf^AL ENGINEERING STAFF, Massachusetts Institute of Tech¬ 
nology. 

Electron theory and its .applications, including electron ballistics, emission from metals, 
conduction, the various ty|X3s of tubes, amplifiers, etc. 

Approximately 773 pages; 0 by 9; Probable price, 90.50 

General Metallography 

By R. L. DOWDELL, Professor of Metallography, University of Minnesota; H. 8. 
JERABEK, Assistant Professor of Metallography, University of Minnesota; A. C. 
FORSYTH, Assistant Professor of Metallurgical Engineering, University of Illinois; 
and C. H. GREEN, Teaching and Research Assistant, University of Minnesota. 

Presents the_ fundamental principles of both ferrous and nonferrous metallography for 
those beginning the study of the subject, or the study of physical metallurgy from the 
engineering viewpoint. 

Approximately 300 pages; 6 by 9; Probable price, 93.50 
(For other Wiley bookSf see page 6) 

JOHN WILEY & SONS, INC, 440-4TH AYR, N. 






VAN NOSTRAND TEXTS FOR TODAY'S NEEDS 


ENGINEERING MECHANICS 

Cox 

In presenting every topic throughout 
the entire course, this new text follows 
consistently the best teaching practice. 
It embodies, besides the author's ex¬ 
tensive classroom eiqierience, the de¬ 
sires of the engineering teachers of this 
country as expressed in the various 
surveys conducted under the auspices 
of the S.P.E.E. 

302 pp. Cloth $3.00 

Second Edition 

PHYSICS 

Hausmann and Slack 

This most widely-used textbook of 
physics brings within the reach of every 
student a most thoroughly grasped and 
readily aj>plied knowledge of physi<». 
7^6 pp. Cloth $4.00 

The above text is also av ailable in a 
Special Navy Erlition. 

962 pp. Cloth $.'>.ii0 

Second Edition 

POWER PLANT ENGI¬ 
NEERING AND DESIGN 
Morse 

This fundamental treatment trains 
students to solve all types of problems 
involving the many units found in the 
various types of power plants. 

703 pp. Cloth $6.50 

ENGINEERING TOOLS 
AND PROCESSES 
Hesse 

This text gives, together with the ma¬ 
terial for the regular shop course, a real 
insight into the techniques and opera¬ 
tions of mass production. 

627 pp. Cloth $4.50 

ENGINEERING PHYSICAL 
METALLURGY 
Heyer 

A thorough and up-to-date account of 
the most in^rtant principles and prac¬ 
tical uses of metallurgy. 

549 pp. Cloth $4.50 , 


Second Edition 

OUTLINE OF METALLUR¬ 
GICAL PRACTICE 
Hayward 

A detailed, present-day account of 
every step in the production of metals 
from their ores. 

690 pp. Cloth $7.50 

PRINCIPLES OF ELEC¬ 
TRICITY 
Page and Adams 

This thorough, and analytical treatment 
of the entire subject of electricity re¬ 
quires a knowledge of elementary 
physics and calculus only. 

620 pp. Cloth $4.25 

ULTRA-HIGH FREQUENCY 
TECHNIQUES 
Brainerd (Editor) 

Most widely used in present-day train¬ 
ing, this book treats every step from 
linear circuit theory to transmission 
lines, radiation, firopagation, and wave 
guides. 

534 pp. Cloth $4.50 

Sec4md Edition 

STRENGTH OF MATE¬ 
RIALS (two volumes) 
Timoshenko 

This great work (xtvers the subject 
from elementary derivations to ad¬ 
vanced present-day problems. It re¬ 
places empirical formulas by accurate 
figures. 

359 pp. Vol. I. Cloth $3.50 

510 pp. Vol. II. Cloth $4.50 

Second Edition 

ELEMENTS OF STRENGTH 
OF MATERIALS 
Timoshenko and MacCul- 
lough 

This excellent undergraduate textbook 
trains the student to rely on a few 
fundamental principles tmd formulas, 
aud to apply them in every situation. 
365 pp. Cloth $3.25 


Send for examination copies on approval 

D. VAN NOSTRAND COMPANY, Inc. 

250 Fourth Ave., N* Y. 
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Introduction to Reinforced Concrete Design 

By HALTS SUTHERLAND, ProftMor of Civil Engineering, Lehigh University, and 
RAYMOND C. REESE, Consulting Engineer. 

An iip-to-dato treatment of concrete materials, mixes, manufacture, and properties; 
structures, members, and desiirn. 

Second Edition: 559 pagesi 6 by 9; 95.00 

Industrial Radiology 

By ANCEL ST. JOHN and HERBERT R. ISENBURfJER. 

An up-to-date account of the nature and properties of X-rays, their production, detection, 
and how to record them, installation of equipment for industrial radiology, and the technique 
of conducting and interpreting radiologic examinations. 

.Second Edition: 298 pages; 6 by 9; 94.00 

Plumbing Practice and Design, Volume I 

By SVEND PLUM, Consulting Engineer. 

Covers corrosion, matcriais, pipes and fittings, valves and controls, fixtur^ and acuc.wsories, 
pumps, fire protection, air piping and equipment. 

308 pages; 6 by 0; 94.50 

Economy Loading of Power Plants and Electric Systems 

By M. ,1. STEINBERG and T. H. SMITH, Imlh with the Consolidateil Edison Company 
of New York. 

An explanation of the fundamental theory of incremental rate and its application in the 
solution of load-division prolilems encouritercid in tlic production and transmission of 
electric energy. 

201 pages; 6 by 0; 93.50 

Phologrammetry 

By II. O. SilARP, Professor of Geoilesy and Transportation Engineering, Rensselaer 
Polytechnic Institute. 

llio fundamental principles of both terrestrial and aerial photographic surveying, together 
with their application to map making. 

Third Edition: 129 pages; 8^ by 11; 93.50 

Analytic Geometry 

By E. 8. SMITH, Professor of Mathematics, University of Cincinnati (absent on leave, 
with U. S. Army); MEYER SALKOVER, Associate Professor of Mathematics, and H. 
K. JUSTICE, Professor of Mathematics; both at the University of Cincinnati. 

Designed to give the student accurate and fully Ulustrateil explanations of the topics 
commonly taught in analytic geometry and to prepare iiim for further studies in mauie- 
matics, science, or engineering. 

208 pages; 0 by 0; 92.50 

Pre-Service Course in Electricity 

By WILLI.4M C. SHEA, Inatrttctor in Applied Science and Coordinator of Defense 
AetivUiee and High School Subjects, SirauhenmlUler Textile High School, New York City. 
A first-level, one-term course in the fundamentals of eleotrioity for boys of pre-induction 
age, suitable as a basis for further specialisation. The applications stress mechanised 
waiiara. 

276 pages; 5} by 8}; School Edltton, 91.52 
Trade Edition, 92.90 

Differential Equations 

By H. W. REDDICK, Professor and Head of the Department of Mathematiea, Cooper 
Union School of Engineering. 

A textbook covering methods of solving ordinary differential equations, and problems In 
applied mathematics involving ordinary differential equations. Partial differentiai equa^ 
tions are not discussed. 

245 pages; 5{ by 8|; 92.50 
(For other Wiley bookst 9ee page 4) 

JOHN WILEY & SONS, INC, 440-4TH AVB., N. Y. 
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WANTED; A PLAN FOR INDUSTRIAL TRAINING 

By H. T. HEALD 
President of the Society 

It is now thoroughly recognized that the engineering colleges 
have two immediate and continuing responsibilities. The first of 
these is to furnish an adequate supply of men with technological 
training to the armed forces. The second, and equally important 
responsibility, is to maintain a continuous flow of trained personnel 
for war industry. Combined military and civilian requirements 
greatly exceed the capacity of the country’s engineering schools. 
It is, therefore, of the utmost importance that the available per¬ 
sonnel and the available training facilities be used to the highest 
degree of efliciency. 

The new Army specialized training program and the Navy col¬ 
lege training program are designed to meet the needs of the armed 
forces. Carefully prescribed curricula in the various engineering 
fields will produce ofiicers and specialists with sufficient competence 
to perform military assignments. The engineering colleges are now 
actively engaged in preparing to make these programs operate with 
the maximum degree of effectiveness. Even though this work will 
involve many changes and adjustments of normal procedure, there 
is no question but that the engineering teachers of the country will 
be able to make an outstanding contribution to the war effort 
through these training programs. 

The problem of how to maintain a continuous flow of trained 
manpower for war industry and essential civilian services has not 
yet been solved. ESMWT courses are making an important con¬ 
tribution through supplementary short term training, but this does 
not and cannot fulfill the need for fully trained graduate engineers. 

Selective Service procedures now in operation permit the defer¬ 
ment of engineering students who have completed one year’s college 
work. If present regulations are continued, some of the sopho¬ 
mores, juniors, and seniors not already committed to the armed 
forces, will be permitted to complete their courses in a civilian status. 
In the last few months, the*Society for the Promotion of Engineering 
Education and most of the other national engineering societies have 
reconunended the extension of deferment procedures to include engi- 
Jieering freshmen. This problem has been under consideration by 
the War Manpower Commission for many weeks, but no action has 
been taken in spite of the fact that all available evidence clearly 
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points to a continuing need for engineering graduates, which is 
several times the entire output of the engineering colleges. The 
effect of this delay is to cut off the supply at the bottom. If it is 
continued, engineering graduates available for war industry after 
1944 will be limited to the small number who are physically unfit. 

It is obvious that this small numbei- will not keep the wheels of 
industry or civilian needs running. Some plan is immediately 
needed to maintain a continuous flow of essential engineering per¬ 
sonnel. To delay in meeting this need is to court disaster, if the war 
is to continue beyond 1944. 

There appear to be two possible plans for meeting these require¬ 
ments. One is to enroll all able bodied men students in the military 
training programs, and assign back to civilian tasks those who may 
be needed in war industry. This appi‘ars to be an expensive and 
inefficient procedure. The needs of the military services themselves 
arc so great that there is little likelihood of their releasing any con¬ 
siderable number of men who have been trained for military tasks. 
Furthermore, the curricula designed to prepare for military service 
are quite different from the training required for civilian occupations. 

The second possibility, and the one which seems most prac¬ 
ticable, is the establishment of an industrial training corps paral¬ 
leling those of the Army and Navy. Such a corps could enroll 
young men not physically qualified for military service, women, and 
a sufficient number of the physically fit to meet the most essential 
needs. Some provision for financial assistance should be made in 
order that selection of students could be entirely on the basis of 
ability, but it seems unlikely that the entire cost of their education 
would need to be borne by the Government. 

Physically fit students enrolled in such a program should be very 
carefully selected, on a quota basis, and could be provided temporary 
deferment under Selective Service. If, at any time, military re¬ 
quirements became more important than the needs of war industry, 
these men could be transferred to military service. 

The general acceptance of such a plan by the public and by the 
students themselves would depend entirely upon the public under¬ 
standing of the problem. Total war means just that. If total war 
is to be carried on, there are some types of service outside the armed 
services which are more important' than being in the military 
branches. The American public can be made to realize this if it 
has the facts. 

Immediate action is needed. The first step is the extension of 
temporary deferment to present engineering freshmen. This should 
be followed by the adoption of an adequate plan for industrial 
training. Until some such procedure is devised and* placed in 
operation, we shall be gambling with the future of our country. 



THE ENGINEERING COLLEGES’ CONTRIBUTION 

TO ESMWT 

Ky GEORG P: W. case * 

It is often remarked that those who an; actively engaged in the 
o|)<;ration of an extensive program, fail to appreciate the true mag¬ 
nitude of their contribution—that those deep among the trees do 
not envision the size of the forest. With this in mind, it seems 
appropriatt; to undertake an appraisal of the part which engineering 
colleges are playing in ESMWT. 

Headers of the Journ al are aware that inoio than 897.000 men 
and women have been enrolled for J^DT. ESMDT, ancl FiSMWT 
courses since the start of the first program in 1940. Not all who 
are active in the current program may realize, howevu'r, that over 
720,000, or 81 per cent, of these cKrollments have been in engineering 
courses, and that by far the greatest training responsibility has been 
carried by engineering institutions. The continuation of that load 
is attested, moreover, by current enrollment statistics which show 
about thre(;-quarters of a(;tive enrollments to be in engineering. 
Since active ESMWT enrollments have run at approximately 150 
thousand, in r(;cont months, active engineering enrollments can be 
estimated at betw<;en 110 and 115 thousand. 

Perhaps the most significant appreciation of the contribution of 
the engineering coll<;ges in this program may be obtained through a 
comparison of the instructional and supervisory load which they are 
carrying in ESMWT with that normally incident to tin; conduct of 
regular engineering curricula from which all accredited institutions 
graduate between 12 and 15 thousand erngineers annually. Even 
though the average number of weekly contact hours per trainee in 
ESMWT is but 8, as contrasted with approximately 25 for students 
in regular engineering curricula, the instructional load compares 
with that of a full-time enrollment of 38,000 rcgiilar engineering 
students—a very large program indeed. 

These figures do not tell the whole story, however, for the 
engineering colleges in the program have, simultaneously, done a 
magnificent job of pioneering in the development of new courses, 
suited to the potentialities of available trainees and to the specific 
personnel nee^ of wartime industries. This pioneering is the more 

<• * Dean of the Colley of Technology, Univeraity of New Hampshire, absent 

on leave to serve as Director of Engineering, Science, and Management War 
Training in ihe United States Office of £lducation. 
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noteworthy because it has occasioned no diminution in the volume or 
decline in the quality of instruction offered to regular students of 
the participating institutions. The job has called for constant 
alertness, frequent revision of plans, and the closest possible rela¬ 
tions with the management of war industries. It is noticeable 
that the greatest success in training, as measured by sustained 
student interest and by the placement and promotion of trainees, is 
intimately related to the extent of the cooperation between the col¬ 
leges and the companies served. Representatives of both large and 
small war-production establishments have praised the program and 
the institutions repeatedly, expressing the conviction that they 
could not hope to duplicate elsewhere the training offered, and 
urging that it be continued and expanded. 

With increasing engineering enrollments and faculties continu¬ 
ally raided to fill all manner of technical and administrative posts in 
the prosecution of the war, the problem of finding, training, and 
supervising instructors for ESMWT courses has become increasingly 
difficult. Men from industry have brought a wealth of practical 
experience to bear on the planning of course content, but extensive 
coaching, instruction, and supervision have been reciuired in many 
instances to prepare these men to handle classes on the college level 
and to insure that acceptable standards of instruction were main¬ 
tained. The heavily-burdened faculthis deserve great credit for the 
will and efficiency with which they have undertaken this additional 
task of training and supervision. 

The growing need for the training of women in engineering tech¬ 
niques to supplement the dwindling supply of male technicians and 
to fill the staffs of expanding industries has further taxed the re¬ 
sourcefulness of our engineering colleges. The problem of inducing 
qualified women to undertake the training has been particularly 
difficult, possibly because women for years have been advised against 
enrolling in engineering courses. Nevertheless, many institutions, 
through effective publicity, have had marked success in the recruit¬ 
ment of women for ESMWT courses. Much exploration has been 
necessary to find means of determining the aptitudes of women with 
non-technical backgrounds for engineering work, and in the develop¬ 
ment of courses especially adapted to convert their talents for war 
production. It is significant that female registrations, during the 
three programs, have risen from 1 in 55 enrollments received to 
1 in 4. 

It is only after considering the time and energy that the staffs 
of institutions cooperating in ESMWT have expended in planning, 
organizing, and administering large institutional programs that one 
can truly comprehend the extent of their contribution. * 
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In partial compensation, it is hoped that the faculties of insti¬ 
tutions now conducting training in the program will find their 
experience and new contacts valuable in post-war revisions of 
curricula and teaching methods which may be necessary to train 
students for careers in fields that are now demanding technicians to 
fill wartime jobs. At present, however, we must continue to find 
men and women who have the necessary schooling and practical 
experience to meet the prerequisites of short courses that prepare 
for immediate service. ESMWT was established to accomplish this 
purpose and the evidence is clear that those participating in the 
program are equal to the task at hand. 



ILLINOIS INSTITUTE OF TECHNOLOGY 

By PAUL O. EIDINGS 
Director of News Bureau 

Illinois Institute of Technology was created in 1940 by the 
consolidation of Armour Institute of Technology and Lewis Insti¬ 
tute, two old (Chicago engineering schools each with a record of 
nearly 50 years of service. To perpetuate the names of these 
schools, the Institute noAV is organized into the Armour College of 
Engineering and the Lewis Institute of Arts and Sefenees, as well 
as the Grachiate School and the Evening Division. 

The Institute makes use of both Armour and Lewis campn.ses, 
the former now being the south side campus of Illinois Tech, the 
latter the west side campus. War-time technical training demands, 
however, are such that these two campuses will not accommodate all 
the personnel at the Institute, and classes are uoav being held in 
eight different locations in Chicago. 

Illinois Tech is de<lic,ated to the service of the public ami it ac¬ 
cepts as a major contribution in this direction the stimulation of 
midwestern business and industry. Its inception was prompted 
by a desire to serA'e the.se public interests and to create for mid- 
western business and indu.stry an imi)ortant center for techno¬ 
logical training and research. And, like every other engineering 
college, the Institute is now devoting its energies to helping to win 
the war. 

Evidence of this is the more than 10,000 jierstnis in training at 
Illinois Tech. The college enrollment numbers 4,555, the re¬ 
mainder of this number being trainees in various war programs. 

The Institute has a degree-granting curriculum in seven fields 
on the south campus and in six fields on the west campiis. In the 
former, degrees are offered in architecture, chemical engineering, 
civil engineering, electrical engineering, fire protection engineer¬ 
ing, industrial engineering and mechanical engineering. 

On the west campus the degree of Bachelor of Science is of¬ 
fered in the following programs; Biology and pre-professional, in¬ 
dustrial and food biology, business and industrial management, 
chemistry, home economics, humanities and public service. 

One of Illinois Tech’s outstanding educational feat^j^res is the 
cooperative program wherein students alternate between working 

482 



lUJNOIS INSTITUTE OB’ TECHNOLOaY 


483 


in an industry representing their chosen field and attending school. 
Approximately 700 prospective engineers, chemists and manage¬ 
ment students were enrolled in this special program last year. The 
cooperative program is olfered in mechanical engineering, chem¬ 
istry, business administration and industrial management. 

The Graduate School at Illinois Tech offers a program leading 
to the degree of Master of Science and Doctor of Philosophy in 
engineering and in scientific fields. It has been granting advanced 



Dr. Ttiidolph W. Kanne, professor of physics at Illinois Institute of Tech¬ 
nology, makes an adjustment of the voltage distribution range of the 1,500,000 
volt atom smasher. In the foreground is shown the target end ^of the instru¬ 
ment and some of the pumping equipent to exhaust the accelerating tube. 


degrees in all major fields of engineering as well as chemistry, 
physics, mathematics, mechanics and metallurgy. A hundred day 
school graduate students and several hundred evening students are 
candidates for advanced degrees. 

The Fundamental Research program of the Institute is con¬ 
ducted under the sponsorship of the Graduate School. Graduate 
students are associated with this work in catalysis, heat transfer, 
spectroscopy, electronics, unit processes, mechanics, materials prop¬ 
erties and other theoretical and laboratory investigations. The 
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recent installation of the first electron microscope in the Chicago 
area has made available unusual facilities for much of this research. 
Special projects have been sponsored by industry, by professional 



An aeronautical enginoorin^; students at Illinois Institute of Technology 
makes a precise adjustment on a radial airplane engine in the Ulinois Tedi 
automotive-aeronautics laboratory. 

In addition to the regular engineering students, the Institute has trained 
nearly a thousand aviation technicians in special war-training courses since 
the war opened. 

associatiohs and by government agencies. Emphasis has been 
placed upon those projects that seem especially appropriate to the 
objectives of an institute of technology as distinguished from a 
college of liberal arts. 
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The Institute’s Epening program includes undergraduate work 
leading to a degree in any of the fields of study offered at the 
college. It is the policy of the Institute to give exactly the same 
courses day and evening taught by the same teachers, wherever 
possible, and thus to maintain identical standards in day and 
evening work. 

Aside from training regular personnel for the scientific and 
engineering professions and conducting fundamental and indus¬ 
trial research, Illinois Tech is making extra contributions in its 



Two engineering students at Illinois Institute of Technology are shown 
calibrating the rectangtilar weirs by the hook gage and weighing tanks in the 
hydraulic laboratory of the school. 


training of war technicians. More than 26,000 have been trained 
in Engineering, Science and Management War Training courses, 
nearly a thousand of these being women. The Institute offers war 
training at no cost to students, expenses being paid by the govern¬ 
ment under the auspices of the U. S. Office of Education. In addi¬ 
tion, Illinois Tech’s signal corps training program will develop 
several thousand men for that branch of the armed forces. 

Development plans at Illinois Institute of Technology call for 
the consolidation of all activities on one campus, the south campus, 
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in the future. The first of the several modern, functional build¬ 
ings, designed by Ludwig Mies Van der Rohe, which will constitute 
the new campus, was recently dedicated. The Metals and Miiverals 
Research Building of the Research Foundation, a quarter of a 
million dollar building, is the first completed unit in the building 
program. 



Dr, James Thompson, chairman of the physics department of Illinois 
Institute of Technology, examines a slide while P. C. Breeden, graduate stu¬ 
dent, adjusts the controls on Illinois Tech's new $12,000 electron microscope. 

Illinois Tech's electron microscope, which is the thirty-fourth such instru¬ 
ment in the nation and the only one in the Chicago area, is from 50 to 100 times 
more powerful than the strongest optical microscope. 
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Dr. Otto Zmfskal, assistant professor of metallurgy at Illinois Institute 
of Technology, is pictured examining steel for flaws on the 200 kilowatt X-ray 
tube in the X-ray laboratory of the nation's largest engineering school. 

The laboratory, which is the only laboratory in the Midwest designed to 
train experts in radiographic inspection of metals and metallurgical welding 
and casting, was equipped at a cost of approximately $7000. 

In addition to the use of the X-ray laboratory made by the metallurgic 
department, the laboratory is also used in the Engineering, Science and Man¬ 
agement War Training progrg.m classes. A class of 25 men are in constant 
training in X-ray and radium testing in a special 10-weeks bourse, and women 
in the full-time ordnance inspection group of E.S.M.W.T. conclude their work 
in the laboratory. 
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An extensive program of industrial research is carried on by 
the Armour Research Foundation of Illinois Institute of Tech¬ 
nology. Much of this work now consists of war projects, ffhe 
Institute of Gas Technology, established in 1941 in cooperation with 
major American gas companies and gas appliance manufacturers, 
carries on graduate education and research of value to the gas 
industry. 



NORTHWESTERN TECHNOLOGICAL INSTITUTE 


By C. E. WATSOX 

Assistant Professor of Industrial Relations 


The Technological Institute of Northwestern University was 
established in 1939 through a gift of $6,735,000 from the late Wal¬ 
ter P. Murphy, chairman of the Standard Railway Equipment 
IManufacturing Company of Chicago. 

The Institute has three main objectives: (1) to provide train¬ 
ing in engineering for a select group of young men; (2) to provide 
industry with skilled workers and executives; and (3) to provide 
facilities for research in engineering and science. 

The new buildings of the Institute, erected at a cost of $5,000,- 
000, was dedicated on June 15 und 16, 1942, with impressive cere¬ 
monies attended by 1,000 representatives of American Industrial 
hrms, scientific groups, and educational institutions. 

The building consists of a central structure with six wings, 
and has a floor area aggregating about 10 acres. The central part 
is occupied by the main auditorium lecture rooms, library, student 
lounges, and main offices. The six wings house the departments 
of physics and chemistry of the University, and the departments 
of chemical, civil, mechanical, and electrical engineering of the 
Institute. 

The keystone of the Institute’s program is the cooperative plan 
whereby students alternate three months of study in the classroom 
with an equal period of work in industry. The Institute operates 
on a normal five-year curriculum. The student spends his first 
year on the campus in class-room study, thereafter alternating each 
quarter between the classroom and a job in industry. Half of the 
class thus remains in college while the other half is at work. The 
next quarter these groups are shifted. This alternating schedule 
continues until the spring quarter of the final year, when the entire 
class is brought back to the campus. 

Seventy-five large firms, located in twelve different states, are 
now cooperating with the Institute. The industrial concerns afford 
the students opportunity ior direct experience and in return these 
firms are provided with young men who have been carefully se¬ 
lected and taught. 

The war has furnished the Institute with an early opportunity 
to demonstrate the thesis of its founder that the greatest contribu- 

489 



490 


NORTHWESTERN TECHNOIX)aiCAL INSTITUTE 


tion he could make to the welfare of America would be the estab¬ 
lishment of a school for training engineers and carrying on re¬ 
search. Extending for 500 feet along the shores of Lake Michil^an, 
the huge Lannon stone building is now employed not only as a 
training center for the technicians needed by the Army and the 
Navy, and in the equally important work of providing new experts 
for the defense industries, but as the seat of a large amount of 
confidential government research intimately connected with the 
war. 



Heat Power L.'iboratory in the Department of Mechanical Engineering. 


The new building contains more than $1,000,000 worth of the 
most modern scientific equipment. “Bomb rooms” with twelve- 
inch walls to guard against explosions from experimentation, an 
artificial river to test boat models, and vibrationless rooms are 
among the features. Opportunities for special types of investiga¬ 
tion are afforded by six cold rooms in one of which the temperature 
may be driven down to 75 degrees below zero. In addition, huge 
pieces of equipment are available to test materials, including a 
two-and-one-half story transverse-universal testing machine, which 
is capable of exerting a pressure of one million pounds at the 
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center of a fifty-five foot truss. A 1,500,000 volt “lightning” 
generator tops off the list of giant machines in the building. 

An example of the facilities which are available to students and 
to research workers is provided by the department of physics. 
This department has a special laboratory of explosion-proof con¬ 
struction in which it is possible to produce six gallons of liquid air 
and two-and-one-half gallons of liquid hydrogen an hour. Cold 
rooms, x-ray rooms, electrical laboratories, spectroscopic labora¬ 
tories and heat and pyrometry laboratories comprise some of the 



Large Lcctnre Room in the Technological Institute of Northwestern ITniversity. 


important facilities for teaching and research. One of the features 
of the department is a sound-proof room which is being used for 
theoretical research. The room which is inside another concrete 
room is mounted on rubber. It weighs 50 tons and its walls are 
covered with 18 layers of muslin which absorb 98 per cent of air¬ 
borne sound and mechanical vibrations from the outside. 

At the present time the Institute has an enrollment of approxi¬ 
mately 800 full-time students, who have been carefully selected 
on the basis of scholarship, engineering aptitude, and other quali¬ 
fications. Under the cooperative plan, these students serve intern¬ 
ship periods in industry of three months each, alternating them 
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with equal periods of regular academic work on the campus. Be¬ 
sides gaining practical experience in this way, the students are also 
making important contributions to the defense industries by '<^hich 
they are employed. 

The Institute is cooperating directly with the Array and Navy 
in a number of ways. Courses for the Army Signal Corps OfiScers’ 
Training School and the Naval Badio Operators’ School are given 
in the Institute and make use of Institute facilities. Approxi¬ 
mately 200 qualified men with engineering backgrounds are receiv- 



The Cement Laboratory in the Civil Engineering Department of 
Northwestern University. 


ing training in the Army Signal Corps School. Graduates of the 
course are commissioned as second lieutenants in the Signal Corp 
Reserves. 

The Naval Radio Operators’ School, which has an enrollment 
of approximately 1,000 sailors, carries on a four-month course to 
qualify men as naval radio specialists. Instruction is given by 
faculty members in the Technological Institute. 

In order to aid in the training of personnel for war industries 
many tuition-free courses, sponsored by the OfiBce of Uducation, 
have been given by the Institute. These college level courses pro- 
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vide training in the fundamentals of industrial engineering. Ap¬ 
proximately 5,000 persons have already received training at the 
Institute in such fields as production processes, industrial organi¬ 
zation, industrial accounting, drawing and specifications, and su- 
per\dsory techniques. 

The Institute has cooperated with the civilian defense program 
by providing a special course of free classes for civilians and air 
raid wardens in which incendiary bomb techniques, gas protection, 
public health problems created by bombs, transportation during 
raids, and kindred problems were analyzed. All phases of bomb- 



The Technological Institute of Northwestern University, Evanston, HI. 


ing raid protection were covered by Institute Instructors, who 
were in charge of the class, and by guest lecturers. 

Glasses in connection with the Civil Aeronautics Administration 
are also provided by the Institute. The CAA program has to date 
given training to 735 flying students. At present 140 aviation 
cadets of the Navy are being given flying instruction and ground 
work under Dr. Everett Edmondson, director of aeronautics of the 
Institute. 

Had Mr. Murphy planned the Institute as a contribution to the 
war effort, it could not have been more timely. According to Ovid 
W. Bshbaeh, dean of the Institute, approximately 5,000 people are 
taking, in the laboratories and classrooms of the Institute, work 
that is directly or indirectly related to the war effort. Not only is 
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the Institute carrying on the programs listed above, but it is also 
engaged in a large number of projects involving confidential re¬ 
search for the government, utilizing the up-to-date equipment of 
the Institute for this purpose. Although the nature of these proj¬ 
ects cannot be divulged, it is certain that their successful comple¬ 
tion will be of great value in peace as well as war. 



'‘1,000,000-PouKD Testjsg Machine” 

Crushing 18-inch thick concrete or gently cracking egg shells are equally 
easy for the two-and-a-half story, l,000,000-poun(i testing machine in the new 
Technological Institute of Northwestern University, Evanston, Illinois. This 
piece of equipment, known as a transverse-universal testing machine, is used 
to study the structural performance of large beams, girders, and columns. It 
can apply a pressure of 1,000,000 pounds on girders or rigid frames up to 
55 feet in length. Here it is shown, ready to test the strength o^a concrete 
column 6 foot high and 18 inches in diameter. 
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The financial future of the Institute is assured by a recently 
announced bequest in “excess of $20,000,000” from the estate of 
Walter P. Murphy, who died on December 16. His will specified 
that this sum should be used to develop, maintain, and operate the 
Institute. Although he expressed the desire that as much as pos¬ 
sible of the principal should be held intact and used for endowment 



Entrance court of the $5,000,000 building of the new Technological Insti¬ 
tute of Northwestern University. More than 500 feet wide and 347 feet deep, 
it has a floor area of 423,000 square feet—which makes it one of the largest 
educational buildings in the world. The exterior is of Lannon stone, with 
Indian limestone trim. Modern Gothic architecture is used to conform with 
other new buildings on Northwestern’s Evanston campus. It consists of a 
four-story central structure with six wings, and has the appearance of two 
letter E’s placed back to back. It contains more than 350 rooms, used by 
the departments of physics, chemistry, and civil, mechanical, electrical, and 
chemical engineering. 

of the Institute, he at the same time empowered the trustees to 
spend portions of the principal, and all or any part of the annual 
income, for additional buildings, equipment, professorships, re¬ 
search, and other purposes. The Institute may also, as a part of 
its operations, give instruction in science to other than engineering 
students of the University. 





RECENT DEVELOPMENTS IN ARMY AND NAVY 
COLLEGE TRAINING PROGRAMS • 

By HENEY T. IIEALD, President, 

TIUiiois Tnstituto of Toehnolog.y; President of the Society 

I am glad to have an opportunity to discuss some of the recent 
developments in the utilization of the engineering colleges in the 
war. The oflBcers and several committees of your Society have 
been almost continuously at work on these problems in the last few 
months. Plans are now sufficiently complete so that it is possible 
to predict, with at least a fair degree of accuracy, the general form 
which college education for war service is going to take. 

It is not my purpose in this discussion to give any compre¬ 
hensive coverage of all of the special activities of the engineering 
colleges in the war. You are already familiar with the important 
contributions which are being made by supplementary training 
programs under the auspices of the E.S.M.W.T. 

You are of course aware of the war research work in engineering 
and scientific fields going on in many institutions. You are also 
familiar with some of the training programs being conducted on 
a contract basis for various branches of the military services. I 
am going to discuss the effect of the war on what we may call our 
normal full time programs in engineering education. 

In order to do this let us review briefly the various steps in 
governmental policy which have been taken during the last year. 

December 7, 1941, found the engineering schools already fairly 
well mobilized to make an effective contribution to the war. The 
Selective Service system was already in operation. Acceleration 
of courses had been widely discussed although not generally adopted. 
The demand for men with engineering training was extremely great 
and the E.S.M.W.T. program was almost a year old. 

The declaration of war naturally quickened the desire of all 
colleges to organize for even more effective participation. One 
thousand college presidents met in Baltimore on January 3d and 
4th, passed resolutions asking for more specific assignments, and 
then went home more confused than before. 

The lowering of the draft age from 21 to 20, coupled with the 
increased need for men trained in essential fields, produced rather 

* Presented at the meeting of the Middle Atlantic Section, "S. P. E. E., 
Cooper Union, December 5, 1942. 
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{reneral adoption of accelerated programs in a variety of forms. 
Efforts were begun to secure financial assistance for students in 
accelerated courses of study and for the colleges operating them. 
These efforts were generally unsuccessful although they did result in 
a student loan fund which came too late to be of any help during 
the summer term. 

In the spring the Navy Department announced its new VI- 
V5-V7 reserve program. This was followed shortly afterward 
by the Army’s Enlisted Reserve Corps for college students. The 
joint Army and Navy Personnel Board was appointed and suc¬ 
ceeded in bringing some semblance of order out of the competitive 
recuriting programs in operation on college campuses. However, 
it is significant that the Army and Navy reserve programs con¬ 
tinued to maintain essential differences in character, although 
neither was very realistic in requiring the type of training actually 
needed for military service. 

In the meantime Selective Service procedures permitting the 
deferment of students in traiqjiug for essential occupations were 
proving successful in maintaining a flow of graduate engineers for 
military service and war industries. 

Growing dissatisfaction with the general mobilization of colleges 
and universities for war resulted in a second conference under the 
auspices of the American Council on Education, in Baltimore on 
July 15-16. More resolutions were passed. In the meantime the 
Chairman of the War Manpower Commission requested the U. S. 
Office of Education to prepare a comprehensive plan for the effec¬ 
tive utilization of higher education in the war. The special com¬ 
mittee appointed to prepare this plan submitted its report on July 
10, and, on July 29, the Manpower Commission discussed the pro¬ 
posed plan and referred it to a subcommittee for further study. 
On August 20, the Manpower Commission released the approved 
report of this subcommittee in the form of a statement of policy 
which should guide any program for the utilization of colleges and 
universities. This statement, now widely publicized, was not an 
adoption of the report of the Office of Education Committee. Two 
points in this document are of particular significance: namely, 

(1) “All able bodied male students are destined for the armed forces. 
The responsibility for determining the specific training for such students 
is a function of ffie Army and Navy.” 

(2) “ Any plan for student war training must take into consideration 
the possibility that the Selective Service Act may be amended so as to 
lower the age of liability for service to 18 years.” 

At the same time, the Manpower Commission indicated that its 
Division of Professionid and Technic^ Personnel under the direc- 
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tion of Dr. E. C. Elliott would “function as a central agency to 
advise with government departments and higher educational in¬ 
stitutions concerned as to plans and procedures for the utililation 
of the facilities of the institutions and the adjustment of their 
programs for effective participation in the war effort.” This di¬ 
vision was also instructed to organize special committees represent¬ 
ing the special interests of higher education and to work with the 
American Council on Education as an overall agency. 

About the same time, the American Council on Education ap¬ 
pointed a new Committee on Relationships of Higher Education 
and the Federal Government, under the chairmanship of President 
Day of Cornell University. This committee held its first meeting 
on August .‘31 and September 1, and offered its services to the joint 
Army and Navy Personnel Board and the War Manpower Commis¬ 
sion. These offers were accepted and subcommittees were ap¬ 
pointed to work with both agencies. 

In the meantime the Army and Navy were proceeding with the 
college reserve programs and joint recruitment teams went into 
the field about September 15, 1942. It was of course already evi¬ 
dent that these plans provided no satisfactory answer to the prob¬ 
lems of the college student or of the military services. They were 
extremely vulnerable to criticisms of unfair discrimination in 
favor of the boy who could afford to go to college and they provided 
no machinery for the training of better qualified young men who 
might not be so fortunate financially. This problem became of 
increasing importance when it appeared evident that the Selective 
Service age would be lowered to 18. 

On September 10, Secretary of War Stimson dropped a bomb¬ 
shell into the college world by announcing that enlisted reservists 
would be called to active duty at the end of the term in which they 
became of Selective Service age. At the same time the Navy indi¬ 
cated that it had no intention of making any radical changes in its 
announced college reserve plan. 

At the meeting of the American Council on Education Com¬ 
mittee on September 17-18, careful consideration was given to all 
the developments to date as well as to information obtained in 
numerous conferences with representatives of the Army and Navy 
and other government agencies. The committee recognized the 
need of an overall plan for college training for military service and 
war industry, but concluded that the tactical situation made such 
a plan impossible at this time. As a result the committee formu¬ 
lated a plan for an enlisted training corps in the Army, Navy, 
Marine Corps and Coast Guard. * 
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In brief this plan provided the following: 

(1) That a training corps for military service be established 
at designated colleges and universities, open to all male high school 
graduates or others of equivalent education over 17 years of age, 
who meet competitive standards, up to quotas to be established by 
the respective armed forces, selection of candidates for enlistment 
to be made by appropriate military authorities in cooperation with 
the institutions. 

(2) Enlisted candidates may exercise choice in the selection of 
an institution within limits of quotas and establishment of pro¬ 
grams by the armed forces. 

(3) Enlisted candidates shall pursue year round curricula, 
extending four semesters or the equivalent in length, agreed upon 
by proper military and institutional authorities. Upon comple¬ 
tion of this basic training, they may be assigned for further pro¬ 
fessional and specialized training. 

(4) Enlisted candidates shall receive base pay and subsistence 
while attending colleges and universities as members of the corps. 

This plan was transmitted to the War and Navy Departments 
and was made the basis for discussion in several conferences. In 
the meantime it became evident that the Army and Navy were at 
work on the formulation of similar plans which would make use of 
the facilities of colleges and universities. It became clear that 
the military services were thinking primarily in terms of training 
for the technical and professional fields, such training to be ab¬ 
breviated as much as possible. It was also apparent that there 
would be certain essential differences in the plans adopted by the 
Army and Navy, notably that men assigned to the Army plan 
would be selected after the completion of 13 weeks basic training, 
while those accepted by the Navy would be admitted directly from 
high school. 

Both the Army and Navy plans have now been completed in 
general form and have already been publicly referred to in state¬ 
ments by the President as well as by representatives of the War 
and Navy Departments. Both plans include provisions for a 
transition period which will provide for those students already 
enrolled in the enlisted reserve corps. More specific details of 
these new programs will be made public at an early date and until 
such a release is made I am not at liberty to disclose them. 

Many details such as procedures for the selection of enlistees, 
courses and curricula, and methods for the selection of participating 
institutions are not yet fully developed. In connection with these 
phases the military agencies are drawing freely on experienced 
educators for advice and assistance. 
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The nature o^ modem war is such that a very large propor¬ 
tion of the men trained in these new programs must be fitted for 
work in engineering and scientific fields. The country's englheer- 
ing colleges will, without doubt, be called upon to carry a large 
share of the load. Therefore, we as engineering educators are 
vitally interested in seeing this work organized in a successful fash¬ 
ion. The S. P. E. E., at the meeting of administrative officers 
recently held in Chicago, authorized the appointment of a special 
committee to work with the armed forces. This committee, work¬ 
ing with the American Council on Education Committee, has al¬ 
ready submitted the names of a panel of more than one hundred 
experts in the various special fields of engineering, from which the 
Army may choose consultants for the preparation of engineering 
curricula. The services of this committee will alsp be used by 
both the Army and Navy in connection with other pertinent 
problems. 

The plans which I have been discussing have considerable merit. 
They will, if properly operated, permit the selection of the coun¬ 
try’s best qualified young men on a broad democratic basis, with¬ 
out regard to financial resources, and thus permit young men of 
superior ability to be trained for officers and specialists. This 
should meet adequately the needs of the military forces. 

There is another aspect to this whole problem, namely, how 
are war industry’s requirements for fully training engineering and 
scientific personnel to be met? Deferment procedures which are 
now in operation under the Selective Service System have per¬ 
mitted at least a portion of our graduates to go into war industry. 
With the lowering of the draft age to 18, nearly all of our engi¬ 
neering students will be in the Army unless Selective Service pro¬ 
cedures are changed. The S. P. E. E. in common with several other 
engineering societies has recommended that provisions be made for 
the deferment of properly qualified engineering students in their 
freshman year. This recommendation is based upon the assump¬ 
tion that war industry will require a continuing supply of men with 
engineering training. Actual data on this point are difficult to 
obtain but all of us can testify to the tremendous demand for engi¬ 
neering graduates. National Headquarters of Selective Service 
have as yet taken no action on this problem. I am informed 
that they are awaiting information from the War Manpower 
Commission. I think this situation is crucial. It seems extremely 
unlikely that the demands of war industry can be met solely by 
the physically unfit or by the few women we may be able to per¬ 
suade to enroll in engineering courses. Certainly, it SQ^ms to me, 
that until it can be clearly demonstrated that war industry is not 
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going to need young engineers, at least a reasonable number must 
be allocated for this purpose, in addition to those assigned to the 
military services. 

In order to be really effective such a procedure would probably 
involve the establishment of an industrial training corps, with defi¬ 
nite quotas and definite responsibilities to be met by the institutions 
and by the students. Unless some such plan is put in operation 
in the very near future the supply of engineers for war industry in 
1943 and thereafter will be very small indeed. 

This in general terms summarizes the situation as it stands to¬ 
day. Some features of the Army and Navy plans will not be to our 
liking. I am, however, convinced that they are entirely workable. 
The purpose of both plans is to train men as oificers or specialists. 
The courses will be sound, fundamental college training in the 
engineering fields. Military aspects will be distinctly secondary. 
Problems of administration and housing should not be too diflScult. 
The total number to be trained in engineering will compare favor¬ 
ably with our present enrollments. 

I am sure that the engineering colleges will be able to make the 
adjustments necessary for the success of this program. 



IMPORTANCE OF GRAPHICAL SOLUTION 
OF PROBLEMS IN MECHANICS 

By L. M. SAHAG 

Professor of Machine Design, Alabama Polytechnie Institute 


In the design of structures and machines for determining the 
forces and their effect often it becomes necessary to use the graphic 
method, either as a check to the analj'tic method, or as the only 
direct method of obtaining the desired results. It is not intended 
here to draw a comparative picture bctw’een analytic and graphic 
methods, or in any way to criticize the present method of teaching 
the course of mechanics. But from the practical standpoint it is 
rather important to mention that the graphic solution of problems 
in mechanics is often more desirable by the engineers in industry 
for the following reasons: (1) By graphic method one can find more 
than the desired results; (2) it is engineer’s or draftsman’s method; 
(3) the results for all practical purposes will be accurate, and (4) the 
arrangement of forces and the shape of the frame not only make 
the graphic solution shorter, but a direct method. 

The following examples illustrate a few interesting problems 
which show the usefulness and practical value of graphic method. 
Figs. 1 and 2 represent the same beam supported at both ends and 
carr3ring three non-parallel loads. In Fig. 1, Hi and are deter¬ 
mined by means of force and funicular polygons shown in dash lines. 
In order to determine the maximum bending moment the force and 
funicular polygons arc modified, i.e. the ray or component 5 is made 
parallel to the beam. New force and funicular polygons are 
drawn in full lines. From these polygons the maximum bending 
moment is equal to {AD — BF)-h, which should be the same as 
(Ri X 10) - (30 X 6.2). 

In Fig. 2 the same results are obtained by taking the vertical 
components of 30 and 40 pounds inclined forces, and treating the 
problem as if made of parallel forces. In the force polygon, Fig. 2b, 
a — d' is the sum of the vertical forces. For these forces the force 
and funicular polygons are first shown in dash lines, resulting Ri 
and also the vertical component of Ri, and finally the actual Rz 
represented by the line e — d. In order to obtain the exact value 
of the intercept, the force and funicular polygons are laodified, and 
are shown in full lines. Fo is the maximum intercept which multi- 
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plied by K the pole distance, will give the maximum bending 
moment. This product should be equal to, (jBi X 10) — (25.9 X 6). 

Problems of this character can be found in actual work, for 
which the graphic solution will be found not only as satisfactory as 



Fio. 1. 



Fio. 2. 

the analytic solution, but it will also display the real existing condi¬ 
tions which various loads may cause. For instance, shafts carrying 
non-coplanar, non-parallel loads, railroad axles equipped with roUer 
or ball bearings, balancing problems, inertia forces, etc., are practical 
examples which can be solv^ vepr satisfactorily by graphic method. 
Figure 3 illustrates a truss with the known forces and reactions. 
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R\ and R 2 acting on the truss. It is desired to determine the stresses 
in members, 4, 5 and 6 by method of sections. For this, the right 
hand triangular section of the truss is chosen. Around this'section 
there are three known forces, 2000, 1000 and 2620 ( 122 ), and three 
unknown forces, 4, 6 and 6. All the known and unknown forces 
are in equilibrium. If we only had the known forces acting on the 
section, a force of 1500 pounds acting through point 0 will be needed 
to establish equilibrium. It will also be true that a force of the 
same magnitude will establish equilibrium with the unknown forces, 
but the direction of the latter will be opposite to that of the first. 



This in view, line of action of 1500 pounds, that of member 4, .and 
the resultant of forces 5 and 6 are in equilibrium, and all act through 
point Q. The polygon Fig. 3b gives the values of 4 and the resultant 
of 5 and 6. The same figure also shows that 5 and 6 are the com¬ 
ponents of their resultant. 

The graphic solution of method of sections can be applied to 
any problem. Its usefulness can be easily seen when forces acting 
on a frame are not parallel, or the frame itself is of such form that 
the actual direction of forces, as well as the members, do not form 
definite angles either with a horizontal or vertical line, analytically 
they become rather complicated problems to solve. «Jn t^ case 
it will be found that once the direction of the forces are known, solu- 
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tions similar to that in Fig. 3 will give the desired results. In some 
problems the known forces around the section may result in a couple. 
This can easily be changed into another couple as that of the un¬ 
known forces, or stresses, remembering that the moment of one 
couple is equal to that of the second couple with respect to the 
same point. 

Figure 4 represents a two member frame. This is solved ana¬ 
lytically in the Applied Mechanics, H. F. Girvin. To solve it 
graphically each leg is assumed as a separate member supporting 
the given load and having the reactions at each end. Thus, the 
left leg carries 100 pounds and the reaction at B is in the direction 



Fig. 4. 

of the right leg. These two with the reaction at A are in equi¬ 
librium. All three forces are coplanar, concurrent, and act through 
point Q. The solution gives the value of reaction at A, 86 pounds 
and that at B, 39 pounds. Taking the right leg we see that 200 
pounds, reactions at C and B are in equilibrium, and act through 
point P. The solution for this leg will give the reaction at C, 140 
pounds, and that at B, 120 pounds. But the total reactions at 
A, B, and C are due to 100 and 200 pounds acting at the same time. 
Therefore, the reaction at A is equal to the algebraic sum of 86 
and 120 pounds, or it is equal to 200 pounds. The reaction at C is 
equal to 140 -1^ 39 = 175 pounds. The line of action of reaction 
of 200 pounds will intersect 100 pounds line at 0, and the line of 
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reaction of 175 pounds will intersect 200 pounds line at O'. Con¬ 
necting 0 with O' the line will go through pin B, giving the direction 
of reaction at B. Since the magnitude of the latter must be such 
that it should be in equilibrium with either 100 and Ra, or 200 and 
Rc, one of the combination will give the value of the reaction at B 
equal to 133 pounds. 

It will be noted, while by analytic method we obtain the hori¬ 
zontal and vertical components of each reaction, by graphic method 
the actual reactions are obtained directly, which can be then re- 



Fig. 5. 

solved into their components if so desired. Note also that direct 
solution will give the angular direction of each reaction, whereas 
analytically another solution will be necessary to find the angles. 

The results in comparison with those obtained analyticidly may 
differ slightly, but for practical purposes they can be considered 
satisfactory. 

Figure 5 illustrates a three member frame. This is taken from 
the Applied Mechanics, A. P. Poorman. Legs AC and CE are on 
smooth surfaces at A and E respectively. By Inverse me method 
Ra and Rb reactions are equal to 1555 and 2445 pounds respectively. 
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Horizontal components at A and i.e. Xa - Xb Therefore, 
Xb — Xc = Xd. Taking leg AC as shown in Fig. 5a and b, Ra is 
in equilibrium with the joint reactions at B and C. Rc is in the 
direction of the leg CE. These forces meet at point P. The force 
polygon at P will give Rc = 540 pounds, and Rb' = 1950. Taking 
leg CE and by similar process we find Rc" = 850, and Rd ~ 3100 
pounds. But the actual reactions at B and D are equal to the 
algebraic sum of reactions, or Rb — 1950 "f» 850 = 1670 pounds, and 
Rd = 3100 -f> 540 == 2848 pounds. Figure 5c shows how Rc is ob¬ 
tained. For all the reactions, Rb, Rd, Rc it will be found that the 
horizontal components are equal, i.e. Xb = Xc = Xd — 1000 
pounds. The solution indicates also that the forces at the joints, 
B, C, and D are in equilibrium with the given force of 4000 pounds. 

From the above problems it is interesting to see that one does 
not have to visualize or attempt by other means of reasoning to 
determine the directions of the required forces, since each diagram 
is made according to definite rules, hence the process of following 
the direction of the lines, will e,^ily show the character of each 
force. 

While in classroom space may not permit to obtain very accurate 
results, in industry, however, one may find sufficient means and 
conveniences in laying out the diagrams to larger scale, and obtain 
better results. Universal drafting machines, better protractors, 
etc., will be found to be very valuable tools in this work. Errors 
can easily be detected, because in some cases it will be impossible to 
go any further, until the errors arc corrected. 



FALLING BAR PROBLEM 


By R. T. LIDDICOAT 

Assistant Professor of Engineering Mechanics, University of Michigan 

The first students of engineering took their dynamics from 
teachers of mathematics. With the formation of the large engi¬ 
neering colleges, these men trained as engineers with only the re¬ 
quired mathematics, then taught the dynamics courses. In a great 
many cases they listened to the chorus from the profession to the 
effect that engineers do not need much mathematics. The present 
teachers in charge of dynamics in the large* schools are from these 
first classes and from later generations of students. 

The results can be seen from our textbooks on dynamics. They 
are with few exceptions very elementary. One of the last books on 
the market in making a revision deleted viscous damping in the new 
edition. I presume it was because the subject was too difficult for 
the rank and file. In order that the subject remain simple and 
easily mastered, the problems are carefully picked to protect the 
student from reality. Graduates from these classes then teach other 
students. Such a procedure is not conducive to progress. 

Constructively, I believe that our notion that the teacher can be 
recruited from the ranks of our graduates needs modification. Be¬ 
fore becoming a satisfactory teacher of dynamics, for instance, a man 
should be given light teaching loads and he should be asked to 
master a program of study that would fit him at least to read the 
works of the great analysts—LaGrange, Coriolis, Stokes, Kelvin, and 
others. I went smugly on my way until a great Russian teacher 
came to our school and his lectures showed me the breadth of the 
subject. 

“A prismatical bar of length I and weight xo rests on a smooth 
frictionless table top, as shown in Fig. 1, and is held at B, If sud¬ 
denly released, what angular velocity w will it gain by the time it is 
free of the table? ” (Statement of problem as given by Timoshenko 
and Young’s original mimeographed “Dynamics.”) 

In Fig. 2 

Xq (not shown) = z Cos 6, xa = z Cos 6 — zd Sin d, 

yo =2 Sin ya = z Sin 6 z6 Cos $. 

* Presented at the fiftieth annual meeting, S. P. E. E. (Mechaifics), New York 
aty, June 27-29, 1942. 
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Force in a given direction = the time rate of change of the mo¬ 
mentum in that direction. 


?/) Sin 6 

+ 


Cos 6 


^ ^ ^ j Sin 0 ^ ^ ^ Sin 6) j Cos e 


which reduces to 


+ — I ^ (i Sin 0 + Cos B) Sin B, 
<7 Sin 0 - 2 + {sy-z = 0. (1) 



Kxteriial Torque = Time rate of change of the Angular Momentum 


Simplifying, we have 

— gz Cos B + 


l2 + ^' 




( 5 +') 


d -j- ^zzB = 0. 


B + - 2zzB. 
U 


( 2 ) 


Equations (1) and (2) look quite formidable. Any change in 
choice of coordinates could not greatly improve them. The following 
method of solution was resorted to: 

Set up two power series for z and B in terms of time t 


2 = Co + Cd + Cit^ + • (3) 

B = ko kit + fcji* + (4) 

If the coefficients of i in (3) and (4) can be found, we will have 
a solution to the problem, valid for all values of t for which the series 
converge. This is true because B will be zero at the instant the bar 
springs clear of the table since the table reaction on the bar and the 
external moment at this instant will be zero. 
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Preliminary Operations 

Co in (3) is the distance z when < == 0, so Co is known. ^ is 0 in (4) 
when < = 0, so ko = 0. 

2 —the velocity along the bar is zero initially, so Ci = 0 in (3). 
d—the angular velocity of the bar is initially zero, so ki = 0. 
z —the acceleration along the z line is initially zero, so C 2 = 0. 

In (3) and (4) attention is called to the fact that the subscripts 
of the c’s and the A;'s are the same as the powers of t in the equations 
for z and 6. This is important in later discussion. 

Before substituting the values of z and 6 in (3) and (4) into (1) 
and (2) of auxiliary equations are necessary. 


Auxiliary Equations 

i = Cl + 2c^ + 3cj/® + • * • (« + l)c„+ii’* -f • • (3a) 

z = 2 c2 + 3-2c 3< + • • • (n + 2)(n + l)c„+ 2 «" + • • •, (3b) 

d H" 2kit -j- Zkzt^ “H * ■ • (w -p • • •, (4a) 

§ = 2kz “f" 3 * 2ktt -f- • • • (w -|- 2) (w -f" l)fen+2i” (4b) 

Note that differentiation with respect to i causes a shift in the 
subscript-exponent relationship. For the first derivative C(„+i) goes 
with exponent n. For the second derivative, C(n+ 2 ) goes with ex¬ 
ponent n. 

Expansion of Sin 6 and Cos Q in terms of 6. 

Sin 0 = 0 - -f ^ Cos 0 = 1 - 2 "! + 4| “ ^ + 


Determination of the Constants kz, Ci, etc. 

When values of (3) and (4) and their derivatives are substituted 
into (1), we get 


g \ {kzr^kzi ^.••) - 


(kz^ + + • • •) 

31 


+ 




— {Z'2czt -f 4*3 c 4<* 4- • • • (?^ + 2)(n + l)Cn+ 2 i" + • • *3 


■+• [X^k^ -p 3fcjt* -H • • • (» 4" • • • l)C(«4.i)<* + • v)* 

X (co + Cat* + C 4 <* + • • on “ 


( 5 ) 
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Substituting (3), (4) and derivatives into equation (2), we get 


— fl'Cco + + 


2! 


+ 


4- ksf + 
~ 4! 




P 

12 


+ (co + CzP 4- 


X (2/c2 4“ ^‘2,kzt 4" ' • ■ (w 4“ 2)(n 4" l)^n+2^“ 4" • • •) 
4- 2(co 4“ czP 4- • • ■ Cnt^ 4- • • •) 

X (3c3«2 4- 4c4<» 4- •••(». 4- l)c„-t-i«’‘ 4- ■ • •) 



X (^2kzt 4“ ^kzP 4" (w 4" 4" • • ■) =0. (G) 


hJqiiations (5) and (6) must hold for all values of time t. They will 
do this if they hold for the coefficient of each power of t. An equation is 
accordingly formed for the coefficients of each power of t as though it 
existed alone in (6) and (6). 

The constant terms, or the coefficients of f, must add to zero in 
both (5) and (6). 

There are no constant terras in (5). 

In (6) 


(JCo 4" ^ j[2 ~ 


so 


gco 


(| + c.= )2! 


The coefficients of t to the first power must add to zero so 
(5) gives 3 • 2 c3 = 0, and ca = 0, 


i) gives *•' 


4 “ I *3*2^3 — 0, so fc| ■— 0. 


C4 = 


( 6 ) 


Equating the coefficients of P in (5) and (6) to zero we get from (5) 
4^2*00 4- gkz 


4-3 


and from (6) ki = 0. 


The coefficients of P in (5) and (6) give Cs ~ 0 and kf *= 0. 
Equatingthecoefficientsof to zero (5) gives c* = 0 and (6) gives 

ffC4 — -20CoC4fc2 

kg =-p-^-^-. This process can be continued in- 

6 

definitely. 
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General Observation 

Equations (1) and (2) have a 2 and S respectively. *When 
(3) and (4) are substituted into (1) and (2) giving (5) and (6), 
the term in coming from the z part of the Equation (1) will be 
Cn+ 2 * (n + 2)(n + !)<’*. This is the only point at which Cn +2 occurs 
in the equation of cocfl5cients of in (5). All of the other coeffi¬ 
cients both c's and k’s come earlier in the z and 6 series than Cn+ 2 - It 
follows that if co to Cn and kz to kn are known, then c„+2 can be found 
and by mathematical induction all of the c coefficients can be found. 

In Equation (6) the term kn+ 2 '{n + 2)(n -f 1)^” will occur where 
B appears in (2) and only there. All of the other coefficients of 
will have c's and /c’s in (3) and (4) occurring earlier in the series than 
kn+ 2 . It follows by matliematical induction if k^ to kn and Co to c„ 
are known, kn ^2 can be found. 

IOlimination of Odd Powers op t in (3) and (4) 

Product of p Power Series 
(uo + ttit + a-it' + • • •) 

X(bo -h bit •••) 

X(t/o "b dit -}- • • •)• 

I II III 

Product = aobo’do + (aibodo + biUodo + diaobo)t 

-f- (all ways of combining a, b and d subscripts to add to 2)P 
+ (all ways of combining a, h and d subscripts to add to 3)f® + • • •. 

(7) 

The /"of (5) has Cniz as the new term sought and it occurs in z 
alone. If n is odd (7) shows that each term such as I and II etc. in 
(7) contains one term with an odd subscript. It follows that if the 
c's and k’s of odd subscript occurring in (3) and (4) earlier in the 
series than Cn+2 are zero, Cn+2 will be zero and terms of odd coefficient 
are ruled out. 


The General Term op (3) 

It is desirable to write out the general expression for the value of, 
say, Cn +2 to facilitate passing on the detailed labor of finding the 
coefficients to a computing machine operator and to study the 
problem of convergence. 

If the expansion for sin 6 is cut to the first two terms, Sin 6 = 6 
— ^ (which even at 60“ will give .86 instead of .87), the general ex¬ 
pression for Cn +2 can be written out. 
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As explained, = 0 at the required time when the bar leaves the 
table. So 


B = 0 = 2kt + + ■ • and t = 

if the part of the series for etc. is dropped. 

A rough experimental check was made by slow-motion “movies” 
for a diameter steel rod 12“ long released with its c.g. 4“ out from 
the edge of the table. The time found experimentally was within 
.01 second in .20 seconds. The problem was solved again in the 
same manner as that described except that a coefficient of friction of 
.3 was assumed. The time found by the two methods was on oppo¬ 
site sides of the value found experimentally. 

Conclusion 

Your attention has been recalled to the law, 

Force in a given direction = the time rate of change of 

the momentum in that direction, 
(Referring to fixed directions) 

and to the law 

ICxternal Torque = the time rate of change of the Angular 

^romentum. 



In this case, Coriolis’ law entered incidentally. 

The power series has been called to your attention a.s a powerful 
tool in the solution of problems of this sort. 



SANITARY ENGINEERING AS A PROFESSION ♦ 


By E. SHERMAN CHASE 
Partner, Metcalf & Eddy, Engineers, Boston, Mass. 

Sanitary engineering is that branch of engineering which relates 
to the betterment and control of environmental factors affecting the 
public health. 

Origin of Sanitary Engineering .—The origins of sanitary engi¬ 
neering, like those of most human institutions, will be found in the 
distant past. As has been stated many times the Mosaic laws in 
part were concerned with sanitation and hygiene, (centuries ago 
the Chinese used alum for the clarification of water and the aque¬ 
ducts and sewers of Rome are classic examples of ancient sanitary 
engineering. 

In relatively modern times sanitary engineering problems arose 
in Europe with the general introduction of public water supplies 
and the water carriage system of sewers. Filters for the Thames 
River supplies were constructed as long ago as 1829. The sewers 
of Paris were made famous by Victor Hugo in ‘*Les Miserables,” 
written in 1862, and the stink of the Thames in the eighteen fifties 
led to governmental action in England to reduce the sewage pollu¬ 
tion of English streams. 

In this country the first public water supplies were introduced 
about the beginning of the past century, to be followed by sewerage 
and drainage systems. 

Until the “germ theory” of disease demonstrated the bacterial 
origin of cholera and typhoid the objectives of sanitary engineering 
were public comfort and convenience. With the demonstration 
that certain infectious diseases are transmitted by food and water 
the emphasis was transferred to the public health aspects of sanitary 
engineering. This change of emphasis is reflected in the demand for 
changing the term “sanitary engineering” to “public health engi¬ 
neering.” The important effect of the discoveries of Pasteur and 
his successors in bacteriology, biology, and biological chemistry, 
was the establishment of the relationship of these sciences to the 
art and practice of sanitary engineering. 

As has been true in many specialized fields of engineering, the 
development of courses to give educational training in sanitary 

* Presented at the meeting of the New England Section, S. P. E. E., Went¬ 
worth Institute, October 17,1942. 
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engineering followed the practical application of the newly acquired 
knowledge. Just about 50 years ago the first four-year course in 
sanitary engineering was set up at Columbia University, followed 
shortly by a second course at the Massachusetts Institute of Tech¬ 
nology. Although few colleges or technical schools give separate 
courses in sanitary engineering today, there are a fair number which 
give sanitary engineering options with their civil engineering courses. 
This fact leads to a consideration of the fields of practice for which 
the technical schools should prepare their undergraduates. 

Control of Environment. —Under the definition starting this 
paper environmental control and betterment lie within the province 
of the sanitary engineer. There are five broad classes into which 
sanitary engineering activities may be grouped: 

First, the development and protection of public water supplies; 

Second, the collection and disposal of the wastes resulting from 
man’s activities; 

Third, the control and eradication of rodent and insect pests, 
particularly those involved in the spread of disease; 

Fourth, the sanitation of food production and distribution; 

Fifth, general environmental cleanliness, including prevention 
of atmospheric pollution, street cleaning and miscellaneous controls 
over living, working and recreational conditions. 

Branches of Sanitary Engineering Practice. —The practicing 
sanitary engineer usually finds himself in one or the other of two 
groups. The first group is that group which is directly interested 
in the administrative and governmental promotion of sound engi¬ 
neering principles, in the five broad fields of practice above out¬ 
lined, which make for public health and the prevention of disease. 
The second group is that which is concerned with the physical 
incorporation of these principles into public or private works, their 
design, construction and operation. 

Sanitary Engineering in the Field of Public Health. —In the field 
of public health the sanitary engineer is called upon to supervise 
the execution of health laws, exercise general oversight of sanitary 
works, and carry out sanitary engineering research. The agencies 
involved may be municipal, state or federal. These agencies em¬ 
ploy many sanitary engineers whose duties relate to law enforcement 
and to the promotion of public sanitation projects. 

Sanitary engineering divisions of state health departments are 
typical of the public services which call for engineers trained in the 
fields of practice previously outlined. Every or nearly every state 
in the Union has a state sanitary en^neer. In some state health 
departments a substimtial number of engineers are employed and 
in other states but one or two. Naturally the larger the state the 
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larger the engineering staff of the health department. In the case 
of the larger engineering staffs there is apt to be specialization of 
duties whereas in the small health departments, with one engineer, 
his duties are broad and cover a wide field of activity. 

Probably the most important duty of the state sanitary engi¬ 
neer is the sanitary protection of public water supplies. This 
involves oversight of watersheds, prevention of pollution and the 
general supervision of operation of purification plants. Particu¬ 
larly important in this service is the promotion, by educational 
persuasion, of water supply betterments. Another phase of water 
supply protection is the control or elimination of cross-connections 
between public and private supplies. 

Next in importance, at l(;ast as far as established custom is con¬ 
cerned, is the control of stream pollution by sewage and industrial 
wastes. This function of state sanitary engineers usually includes 
review of plans for S(iweragc and sewage treatment works, submitted 
by designing engineers and the examination of streams, subject to 
pollution. Routine inspection of sewage treatment plants and the 
maintenance of general supervision of their operation are other 
duties assumed by the engineers of state health departments. 

In southern states mosquito control, for the prevention of 
malaria, is an important field of activity for health department 
engineers. This involves supervision of drainage projects, their 
constiiiction and maintenance. Rodent control has not received 
much attention except from the sanitary engineers in coastal 
regions. These remarks apply to continental United States. In 
areas where rodents serve as intermediate hosts for the organisms 
causing plague and other parasitic diseases the engineer comes into 
action. 

The state sanitary engineer plays an important role in the pro¬ 
duction of clean and safe milk and, in coastal areas, the protection 
of shell fish from pollution. Pasteurization of milk in particular 
frequently comes under the jurisdiction of sanitary engineering 
divisions. 

In addition to the above outlined duties state sanitary engineers 
are frequently required to look into the sanitation of public swim¬ 
ming pools, the abatement of nuisances, the general sanitation of 
camps and to advise with respect to water supply and sewage dis¬ 
posal for state institutions. In one state, at least, the sanitation of 
beauty shops and barber shops comes under the state sanitary 
engineer. 

The preceding brief discussion of the multitudinous duties of 
state sanitary engineers applies in a limited way to couiity and city 
sanitary engineers. In the case of city sanitary engineers they may 



SANITARY ENOINRERINO AS A PROFESSION 


517 


bo required to oversee the cleaning of streets and the collection and 
disposal of rubbish and garbage. 

The second broad function of sanitary engineers in the field of 
public health relates to their connection with research problems in 
sanitary science. In this activity they are likely to be associated 
with chemists and biologists. The first outstanding example of 
sanitary engineering research in the United States is that of the 
Lawrence Experiment Station of the Massachusetts State Board of 
Health, where research has now been carried on for over a period of 
fifty years. In Federal circles the work of the experiment station 
of the U. S. Public Health Service at Cincinnati is outstanding. 
Other important sanitary engineering research stations have been 
operated at one time or another by individual cities, in the interest 
of advancing the art of water purification and sewage treatment. 
In recent years certain equipment manufacturers have carried out 
important researches in the application of equipment or processes. 

Public and Private Sanitary Engineering Works .—The sanitary 
engineer engaged in the public health field has to do with the applica¬ 
tion of sanitary principles in the administration of health laws. 
He seldom is called upon to incorporate these principles in actual 
structures. This is a matter for engineers in private practice or in 
charge of public works departments. The sanitary engineer en¬ 
gaged in the design of worfe must be competent to embody scien¬ 
tific principles in the basic design of sanitary works and in many 
cases execute the detail structural design. He must be familiar 
with the state of the art and must have sufficient experience and 
judgment to determine what methods to adopt and what to reject. 

Many young sanitary engineers serve as inspectors on construc¬ 
tion and in some cases such early employment leads to their remain¬ 
ing in the construction end of the profession, either as construction 
superintendents or as contractors. In any event the engineering 
office, public or private, having to do with the actual construction 
of sanitary works, usually expects to carry on technical supervision 
of such construction. 

With the completion of projects involving the purification of 
water, the treatment of sewage and industrial wastes, it is fre¬ 
quently the function of the sanitary engineer to assume charge of 
their operation. This is a field in which at present there is a demand 
for technically trained saqitary engineers in excess of the supply, 
particularly at military estabUshments. In some ways this is a 
particularly interesting and instmetive line of activity, for the 
young sanitary engineer. It has always seemed to the speaker that 
construction and operation experience should be had by the sanitary 
engineer before he attempts to design. 
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In the past twenty-five or thirty years there has developed a new 
field of activity for the sanitary engineer and that is in the promo¬ 
tion and sales departments of manufacturers who produce equip¬ 
ment or materials used in sanitary engineering projects. This sort 
of work requires individuals with suitable temperaments and person¬ 
alities. The danger to young men entering this field is their ex¬ 
posure to the temptation to sacrifice intellectual and professional 
integrity for the sake of meeting sales quotas. However, engineers 
with the proper training in sanitary engineering and of unimpeach- 
ible integrity can serve a most useful purpose. 

No reference has been made to the somewhat limited field of 
education. Here, of course, a few graduates in sanitary engineering 
find their life work, and as sanitary engineering subjects are taught 
in connection with civil engineering courses in a number of colleges 
and universities, there arc opportunities in this field from time to 
time. 

Essentials of Sanitary Engineering Education .—A practicing 
sanitary engineer cannot resist an opportunity to express to a group 
of engineering educators his views on sanitary engineering educa¬ 
tion. Any product is judged by how it functions, and this is true 
of the product of our institutions of learning. Experts always 
seem to be disagreeing among themselves, particularly educators, 
but when a rank outsider attempts a suggestion in the educational 
field they forget their disagreements and gang up on him. How¬ 
ever, it should not be forgotten that it is the layman who is the 
customer for the goods turned out by the universities and technical 
schools and that he is in a better position to appraise those goods in 
service than the professor who had only their processing. 

It seems to the speaker that in undergraduate courses in sanitary 
engineering there should not be too much specialization or too deep 
excursions into allied but different fields of specialized knowledge. 

Obviously the sanitary engineer must be thoroughly grounded in 
the fundamental principles of the natural sciences, physics, chem¬ 
istry, geology and biology. The arrangement of courses in these 
subjects, however, should be in accordance with the problems which 
will arise in the practice of sanitary engineering. There is always 
the danger that the enthusiastic teacher of physics, for example, 
will try to make physicists out of all his students. 

Another “must” in the education of the sanitary engineer, as is 
true with all types of engineer, is mathematics. Again the relation 
of the mathematical courses to the practice of engineering needs to 
be stressed. 

When it comes to technical subjects it may be somewhat difficult 
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to select those which are basically important. The work of the 
sanitary engineer involves so many phases of engineering and science 
that there is a tendency to overload the curriculum. Certainly 
mechanics, structural design, materials of construction, hydraulics, 
design of water works and sewage works, principles of public health 
and sanitation and elements of electrical and mechanical engineer¬ 
ing should be among the subjects taught. 

The speaker is a believer in the need for the development of some 
degree of manual skill in all engineering students. The young engi¬ 
neer’s first Job usually depends upon his ability to perform some 
service with his hands. Consequently he should be able to survey 
accurately, to draw reasonably well, and to perform laboratory 
technique. There is a tendency to decry these relatively humble 
skills, but it must be remembered that most engineers have to 
start at the bottom and that the better they perform the simple 
tasks the sooner is promotion and advancement likely. 

In addition to technical knowledge the sanitary engineer needs 
to have a reasonably broad cultural background, and to this end 
subjects such as history and literature should be included in his 
education. Particularly important is training in the proper and 
accurate use of the English language, for writing and speaking. 
Language for the engineer must be another precision tool for the 
transmission of his thoughts to others. Some degree of training 
in the principles of economics and in business and public health 
law should also be given. 

Advanced work in specialized phases of sanitary engineering 
and the expenditure of any considerable amount of time on re¬ 
search problems should be saved for post-graduate work. There 
are too many fundamentals involved in the training of sanitary 
engineers to warrant side trips into interesting but non-essential 
activities. 

The Fviure of Sanitary Engineering .—No one can say what the 
future holds for any type of engineer. There will continue to be 
the same problems in the United States as have existed for years, 
and new fields of activity will undoubtedly develop. Furthermore, 
it seems not improbable that American-trained sanitary engineers 
will be called upon to play an important part in the posWar world 
in the now notnso-far reaches of the globe. Sanitation problems of 
vast magnitude exist in Africa and Asia, awaiting attack by com¬ 
petent sanitary engineers. It behooves those entrusted with the 
education of sanitary engineers to envision those problems and to 
prepare their students for service in spreading the gospel of sanita¬ 
tion to all the nations. 
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DISCUSSION 

By RALPH W. HORNE 
Partner, Fay, Spoffard & Thorndike, Boston, Mass. 

Mr. Chase has presented a very interesting and comprehensive 
paper in which he has set forth the history, scope and diversity of 
sanitary engineering work. 

The speaker was interested to note the definition given for 
sanitary engineering. No doubt, most of us have at one time or 
other attempted to put down on paper his conception of the defini¬ 
tion of the profession in which he is engaged. The speaker there¬ 
fore submits the following definition: 

Sanitary engineering, as a profession, is the practice of 
the art of organizing and directing man's efforts and of 
utilizing the forces and materials of nature for the protec¬ 
tion and improvement of the public health. 

Practically the same meaning is conveyed by both definitions. 

The speaker agrees heartily with Mr. Chase in his statement 
regarding the world-wide fields which will be open to postwar 
activities of the sanitary engineering profession. It is important 
that we should organize and prepare to meet a greatly increased 
demand for modern sanitation after the war is terminated. 

It appears that in Mr. Chase’s reference to the “Essentials of 
Sanitary Engineering Education,” there is implied an invitation for 
the consumer to tell the producer what he thinks of his product, and 
I therefore am taking this opportunity to point out certain apparent 
“shortcomings” of the average technical school graduate. 

My remarks are based on my knowledge of the workings of the 
engineering organization of which I am a partner, and are applicable 
particularly to the type of engineering work handled by that con¬ 
cern. However, I believe the remarks are applicable to numerous 
other private engineering offices. The engineering work usually 
handled by private engineering concerns includes investigations 
and reports, engineering designs, preparation of plans, specifications 
and other contract documents, and engineering supervision of 
construction. Clients of many private engineering concerns are 
largely either municipal, state, or federal agencies and, perhaps to a 
lesser extent, private concerns. 

Engineering employees of private engineering concerns generally 
fall within one of four groupings, depending upon 4he relative 
responsibility of their work. These four groupings, arranged with 
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the less important responsibilities in group (1) and the highest 
responsibilities in group (4) are: 

(1) Draftsmen, survey men and computers 

(2) Designers and detailers 

(3) Assistant engineers 

(4) Engineers 

An evaluation of the work of technical graduates employed by 
our firm under the several groupings indicates the desirability for 
certain additional qualifications to make the men more useful to us. 

It is taken for granted that the technical graduate will have re¬ 
ceived adequate basic training in mathematics and the fundamental 
sciences. 

It is my opinion that the average inexperienced technical gradu¬ 
ate is lacking in drafting ability and needs a better appreciation of 
the value of well-made plans, and the value of a clear graphical 
presentation of facts by use of plans, charts and diagrams. Good 
drafting ability will be helpful t# an inexperienced technical gradu¬ 
ate in retaining steady employment and in gaining practical knowl¬ 
edge, through drafting work, of construction details worked out by 
his more experienced superiors. The technical graduate should 
have been taught that drafting is not too menial a task for him 
to perform. 

Furthermore, an employee's value would bo enhanced if he were 
trained to recognize when he had reached a satisfactory solution 
of a problem and taught to understand the need for economy in the 
engineering expense put into the solution of a problem. Some 
instruction regarding the business side of the operations of an 
engineering organization should provide a worthwhile addition to 
the usual “stock in trade” which the technical graduate has to offer 
his employer. The technical employee should be able to judge 
as to the reasonable amount of time needed to solve a problem, 
or perform a task. 

The technical training should give a man sufficient instruction 
in report writing to enable him to recognize the facts to be set forth 
and their relative importance, and should train him to present 
facts clearly and in logical arrangement, so that the client will be 
convinced that the solution presented is a correct one. The ability 
to put thoughts clearly on paper so that they will be readily under¬ 
stood is also valuable in the preparation of contract documents and 
specifications. 

The training of a man for any branch of public works engineering 
should give him a good understanding of ordinary political practices 
in so far as they may affect the operations of municipal, state and 
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federal agencies; and the man should understand that he can become 
better posted regarding such matters by actually serving^ as an 
elective representative of the people, in his own municipal or state 
government. Service in an elective capacity in municipal or state 
government is often looked upon as desirable training for a lawyer; 
it is an equally desirable training for an engineer whose work is to 
deal largely with public works undertakings. A clear understand¬ 
ing of the manner in which the operations of a public works depart¬ 
ment may be affected by political influence will frequently be of 
much value in arriving at the practical engineering solution of a 
public works problem. 

In summarizing, I would point out that both employers of 
engineers and engineering employees will find it to their mutual 
advantage, if the institutions for engineering education will turn 
out men, as sanitary and civil engineers, who are better qualified 
as draftsmen, and more appreciative of the value of good drafts¬ 
manship; men trained to recognize when a satisfactory solution of a 
problem has been accomplished; men better trained to present 
clearly and logically in written report the solution of a problem; 
and men informed with regard to the effect of political influence 
upon the viewpoint of those who are entrusted with the operation 
of municipal, state and federal agencies. 


By EDWARD WRIGHT 

Sanitary En^^ineer, Massachusetts Department of Public Health 

The sanitary engineering profession is at present in a very 
difficult position because of the fact that a great many sanitary 
engineers have been inducted either into the Sanitary or Engineer 
Corps of the Army or into similar branches of the Navy and Marine 
Corps or have entered the U. S. Public Health Service and, while all 
sanitary engineers regret the drafting of qualified sanitary engineers 
into the Infantry or Artillery or direct Naval services when their ser¬ 
vices to the Army or Navy in their professional capacity would be of 
value, the situation is of course such that it is inadvisable to attempt 
to request further deferments except for the essential key men. 
To show the difficulty in keeping the staff intact it majrbe pointed 
out that an engineer in a lower bracket recently with the department 
is now a welder in a shipyard at over double his salary as a state 
employee. Another engineer in a higher bracket has recently been 
called to South America to a virgin field for a sanitary engineer. 
Fortunately, he is doing very valuable water supply tmd sewerage 
work in a country where such improvements are unknown. 
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This leaves the profession in a difficult position to carry on 
the necessary sanitary engineering work required to keep the home 
fires burning and to carry op such work as is required particularly 
by state departments of public health and the U. S. Public Health 
Service in connection with the sanitation of Army and Naval 
establishments and the effect of these establishments on the public. 
It is such a difficult situation that Mr. Chase obviously was unable 
to find time to write his paper in time to enable the speaker to 
prepare a suitable discussion. Many of the key men in the Sani¬ 
tary Engineering Division of the Massachusetts Department of 
Public Health have been called into the service. The remaining 
young or very mature men are required to work overtime in carrying 
out an increasing number of sanitary engineering problems. In 
fact the dearth of sanitary engineers is not dissimilar to the present 
lack of medical and nursing personnel. Recently an important 
manufacturer has been unable to obtain the services of a properly 
qualified sanitary engineer to assist him in his waste disposal problem. 

The priority situation has fnade the procurement of materials 
for water supply and sewerage construction difficult and has had a 
decided effect in slowing normal construction of water supply and 
sewerage works. Without this condition the scarcity of suitably 
trained sanitary engineers would have been more serious. 

It is to be assumed that the speaker’s discussion should relate to 
sanitary engineering in public health departments. The Massachu¬ 
setts Department of Public Health has a Sanitary Engineering 
Division which, under normal conditions, is staffed by some 51 
engineers, 24 chemists and bacteriologists and 32 in the clerical 
force, or a total of over 100. The staff now consists of 21 engineers, 
17 chemists and bacteriologists, 24 clerks and 2 non-professionals. 
It has been necessary to give up much of the regular work ordinarily 
demanded by the public or to get others to do it. The Division 
comprises not only strictly sanitary engineering work but a labora¬ 
tory in the State House for water and sewage analyses including 
microscopical examinations, and also an Experiment Station at 
Lawrence where the bacteriological work and research activities 
are carried on. 

It can safely be said that there is no professional service other 
possibly than medicine which is closer to the public than that of 
sanitary engineering nor are the other professions more worthwhile 
and essential to the welfare of the public. This has generally been 
recognized by all classes of citizens including those holding elective 
offices who generally assume a hands off” attitude. The sanitary 
enpneering profession has numerous names. In some instances, 
it is called public health en^eering. The most recent is to class 
the work as environmental sanitation. The basic work, of course, 
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relates to water supply and sewerage of which there are numerous 
phases. A list of the other subjects involving the sanitary engineer 
in public service arranged alphabetically is as follows: 


Air Pollution and Conditioning 

Malaria 

Bathing Places 

Milk 

Camps 

Mosquitoes 

Cemeteries 

Nuisances 

Cosmetics 

Pigs 

('rematories 

Police Stations 

Cross Connections 

Ratproofing 

Flies 

Shellfish 

Foods 

Smoke 

Carbage 

Stream Pollution 

ri 3 'draulics 

Teaching 

Housing 

V('ntilation 

Industrial Hygiene 

Vei’inin 


In the old days sanitary engineering was a small branch of 
civil engineering. It is now a distinct branch of the engineering 
profession with an enlarging field including a great deal of chemistry, 
biology, microscopy, mechanical (;ngin(^ering and the study of 
statistics. The requirements in mechanical engineering are in¬ 
creasing materially particularly in connection with sewage disposal 
where now complicated m()chanical devices are required particularly 
in the handling of sludge and in its incineration. 

The sanitary engineer is required to meet the public rather 
more than many other branches of the engineering profession be¬ 
cause of the public nature of the work. In addition, the sanitary 
engineer must know the law and certain consulting sanitary engi¬ 
neers are involved very frequently in litigation regarding public 
matters. The sanitary engineer must know various industries 
particularly in relation to waste disposal from such as leather es¬ 
tablishments, gas works, wool handling establishments, powder 
mills, paper mills, wire mills and distilleries. The sanitary engineer 
in a health department must be conversant with the general laws of 
the state and the special acts under which municipalities operate. 
He must be prepared to introduce new legislation and to assist in 
its passage and must expect to devote a very considerable amount 
of time in teaching elected officials the necessity of suitable public 
health laws. 

The sanitary engineering profession is one in which the pro¬ 
fessional sanitary engineer may receive a minimum compensation 
but he will realize a maximum amount of satisfaction'*in the work. 
There are two members of the staff of the Engineering Division of 
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long standing who do not hold college degrees and the first Chief 
Engineer of the Department of Public Health, who was subsequently 
President of the American Society of Civil Engineers, held no 
college degree but practically every member of the present staff 
had a degree from a recognized college course in sanitary engineering 
before his appointment. While the Division and other sanitary 
engineering organizations are now searching for sanitary engineers, 
it is not likely that any can now be found who are suitably qualified 
as the field is reduced to an absolute minimum. 

The work of the engineering profession when well carried out 
will give the individual a great satisfaction of doing a necessary and 
worthwhile job. One hesitates to think what the State of Massa- 
(ihusetts would bo like had it not been for the sanitary engineering 
profession. 



AERONAUTICAL ENGINEERING COURSES FOR 
UNDERGRADUATE AND GRADUATE 
CURRICULA * 

By HANS EEISSNER 
Illinois Institute) of Technology 

The preparation of aeronautical engineers presents special prob¬ 
lems and a great responsibility for the schools of higher technical 
education in this time of emergency and for a fielj;! which has be¬ 
come of paramount importance. 

The Army, the Navy, the Civil Service and the aeronautical 
industry, as it has been emphasised by several leading executives, 
needs two classes of young engineers. They must have a com¬ 
paratively small number of men highly educated as well in the 
basic sciences as in all applications necessary for new design and 
experimental and theoretical research, and they need also a much 
larger number of young engineers able to do the routine work such 
as tests of materials and structures, performance calculations, 
stress analysis, detailing designs with understanding and relia¬ 
bility. 

It is perhaps too simple to say that for the second class the 
undergraduate study should be sufUcient and for the first class the 
postgraduate study required. In fact for the graduates of the 
first engineering degree a postgraduate education for the just 
named routine work is indispensable but generally given in their 
service or factory and graduates of higher engineering degrees 
will, after a time, see their efiSciency in fields other than original 
research and other than the development of new technical ideas. 

Another choice must he made hy the schools themselves for the 
system of their courses and by the factories in the selection of em¬ 
ployees. 

There is one system of preparation demanding a general engi¬ 
neering education either as mechanical or as civil or even as elec¬ 
trical engineer as a prerequisite and giving the special aero¬ 
nautical education by optional courses. These would be subjects 
treated partly relying on more general knowledge acquired in the 
courses of machine design, steam and gas engines, engineering 

* Presented at the 50th annual meeting, S. P. E. E. (Aerdhautieal), New 
York City, June 27-29, 1942. 
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mechanics, structural analysis and so on, applied to the special 
aeronautical courses. 

If with this system a separate aeronautical department is in 
existence it has to cooperate with the other departments in a num¬ 
ber of common courses and to emphasize the unity of engineering 
science and stresses the adaptability and versatility of the engi¬ 
neer for different fields in seeing connections between the different 
fields which a specialist perhaps may overlook. 

On the other hand there is the system of an entirely independent 
aeronautical department specializing in courses like engineering 
mechanics, physics, chemistry, strength of materials, statics, dy¬ 
namics and hydro- and aerodynamics, structural analysis and 
engine design just for the application in aeronautical engineering. 
This method has of course the advantage that some time is saved 
in the proper aeronautical courses of aerodynamics and stress 
analysis and design of airplanes and that the graduates are so 
specially prepared as not to need as much additional apprentice¬ 
ship as employees of an aeronautical plant. 

I think both systems can do good work and besides very much 
depends on the personality of the individual student. 

In both systems of education special features appear in the 
treatment of the fundamental subjects of aero- and hydrodynamics, 
stress analysis and design of which some may be mentioned here. 

In aerodynamics of the airplane besides the practieal perform¬ 
ance and stability calculations such subjects as the concepts of 
circulation, of vortex bundles and vortex sheets (free and fixed 
and their conservation), of induced velocity fields, of free and 
self-excited vibrations are to be emphasized much more than in 
other compressibility effects below and above the velocity of sound 
and changing working conditions of the engine with altitude and 
precompression engineering fields. 

In the stress analysis the multiplicity of loading conditions fol¬ 
lowing the great number of possible states of flight, atmospheric 
conditions and wind irregularities and of maneuvers is an impor¬ 
tant chapter in itself, very involved if compared with loading con¬ 
ditions in buildings, bridges or engines. 

The necessity to go to extremes in light weight requires special 
considerations in the choice of high quality materials and the al¬ 
lowable stresses and deflections with different safety factors at 
different places in the airplane. 

In the stress analysis proper, there are the special chapters on 
bending of continuous beams under compression, on the tension 
field theory of thin webs and airfoil skins, on ^e shear lag in 
stressed akin construction, on the bending, torsion and buckling of 
the shells, appearing particularly in the fuselage, on the impact 
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stresses and the spring and frictional action in undercarriages. 
All these subjects appear rarely in other fields of engineerii^g. 

The course in airplane design presents peculiar difficulties in 
the great variety of types, and controls, in the numerous accessories 
and instruments and in the unavoidable fact that many design 
features remain either unknown or unexplained being either fac¬ 
tory or military secrets. 

The instructor will bring the airplane types into a certain order 
as much as possible according to their service, that is classify them 
as sports or private, passenger, freight and military types. He 
will have to show the often conflicting demands—on e.g. location, 
visibility, aspect ratio, maneuverability, weight and drag saving, 
speed range, propeller and undercarriage. The reasons for high 
wing and low wing structures, for sweep back, dihedral and twist¬ 
ing of wings, the means to avoid flutter and stalling must, also be 
thoroughly discussed. 

The final purpose of this course which is to prepare the student 
for the design complete in general features and showing at least 
some of the more important details in ribs, spars, hinges and con¬ 
trol surfaces, undercarriage and propeller, can only be attained by 
giving him enough sample structures in models and drawings of 
existing and approved structures. 

Teaching experience seems to show that very much teaching 
material must be put at the disposal of the instructor and the 
student and very much time must be spent and high credit be 
given to induce the student to finish a project. 

The schools will have to decide how much they want to treat 
in undergraduate and how much in graduate courses and how much 
they will leave to the later apprentice work in the factory after 
having taught the fundamentals of theory and of general and detail 
design. These reservations, and general considerations in mind, 
it may be allowable to make the following statements: The under¬ 
graduate training should lead the student so far as to be a good 
draftsman, stress-analyst, testing man and aerodynamicist with 
only a certain amount of instruction left over to his chief for the 
ordinary propositions of the factory or office, where he has to work 
later on. 

The post graduate training should not make the student too 
conceited to be willing to do the drafting, testing or stress work 
just enumerated but it should make him capable if the opportunity 
arises of working out new technical design ideas, to suggest more 
efficient or time saving procedures, and to find by appropriate 
systematic research the cause and the elimination of failures. 

One more general statement not new but valid and essential 
for all kinds of teaching may be repeated here. 
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The courses should not be given with the ambition of covering 
the subject completely but rather with the intention to accustom 
and familiarise the students with the fundamental methods and 
their thorough application so intimately as to make them able to 
help themselves when new problems arise and to look up the perti¬ 
nent references and to apply the methods learned in school for 
new problems. 

In fact the student should not be overwhelmed with too many 
facts and special methods. It is better to give him the confidence 
that he has enough basic background to tackle a problem even if 
it has not been treated in the course. 

Therefore if no attempt is made in this paper to give a de¬ 
tailed disposition of the curricula for aeronautical engineering it 
must be understood that each instructor must make his decision 
according to the number of hours allotted and to his preference 
and opinion about the value in fundamental typicalness of the 
different chapters. Besides it may be of advantage to change the 
disposition of a course especially- for postgraduate study from term 
to term not only good for the students but also for the freshness 
of mind of the lecturer. 

Then there is the question of textbooks. A textbook of course 
may have the ambition of being not only a help for the student 
and the instructor during the course but also a reference and help 
for his later practical work and so only a certain fraction of the 
textbook need be covered in a course. Yet I must criticise a num¬ 
ber of textbooks in that they do not use the opportunity of their 
ample printing space to give the possibility to study the deriva¬ 
tion of theorems in the theory of potential or vortex flow, or of 
buckling of plates or shells or of flutter and so on either in foot¬ 
notes or in an annex. 

Prom the title of this paper it may have been expected to hear 
detailed statements and figures about the number of hours of each 
term and course about the chapters in each course to be treated, 
about the division into undergraduate and postgraduate courses 
and about the prerequisites of admission to the courses and about 
the textbooks to be recommended. 

Of course much thought must be given to these questions, but 
it would lead too far to go into all the varying conditions of the 
schools and the varying aims of their education. 

It may be allowed to fefrain from detailed programs and to 
state only the following conclusions: 

Four special aeronautical courses are necessary at least. 

1. Aerodynamics of Aircraft 

Stress analysis of Aircraft 
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Design of Aircraft 

Theory and Design of Aircraft Engines. 

These courses should require at least 4 week houns for ^xteen 
weeks and extra drafting hours for the last two named. 

2. The undergraduate courses must give the practical formulae 
needed for the routine work in aircraft industry but in such a 
way that the students get an intimate knowledge of the deriva¬ 
tion of these formulae. 

The graduate courses must familiarize students with the 
advanced problems of the aircraft science relying on their ad¬ 
vanced mathematical and technical knowledge and show them in 
which direction research problems are ripe and useful. 

3. The prerequisites for the undergraduate courses should be good 
credits in advanced calculus, in first elements of total and partial 
differential equations, in physics, chemistry, strength of mate¬ 
rials, elements of statics and dynamics, in structural analysis 
and in drafting of machine elements. 

The last two subjects may need special provision for students 
of mechanical and of civil engineering respectively and a close 
cooperation with the departments giving these preparatory 
courses especially necessary in mathematics. 

4. There is in all schools in the United States and abroad a sharp 
division between the aeronautical courses proper and the course 
on aeronautical engines. In fact civil engineering students 
while they are well prepared for the aeronautical branch of 
engineering are not prepared for engine design, and even me¬ 
chanical engineering students would first have to specialise in 
automotive engineering and affiliated subjects of thermody¬ 
namics, metallurgy and chemistry. 

The education in aeronautical engine design from the theo¬ 
retical and the designing as well as from the laboratory point 
of view is extremely important and should not be left too much 
to the aftergraduate teaching in engine factories. Yet experi¬ 
ence has shown that it is better to keep it apart as a special 
branch of aeronautical education. 

5. The schools and their instructors must regularly exchange ideas 
and experience with the different places of development and 
manufacture and also try to check the results, successes, and 
mistakes of their alumni at the points where they appear later. 



RECRUITING ENGINEERS * 

By B. L. SACKETT 
Chairman, Committee on Selection 

War requires that we do the unusual. The traditional must 
sometimes be modified or abandoned. Thus the engineering col¬ 
leges have undertaken forms of training and education commonly 
remote from their main objectives. These constitute new burdens 
and for some of them, faculties must be expanded or extra hours 
are required of teachers without additional income. 

There is also the temptation in war time to abandon real ob¬ 
jectives temporarily perhaps and to lower standards to a point 
where undergraduates are not prepared to carry out the duties 
imposed on them and graduatei^^ are unable to perform the tasks 
which employers expect them to carry. The line dividing the war¬ 
rantable compromise from one which is a delusion is often difficult 
to draw precisely. In general, engineering colleges have insisted 
on maintaining standards of quality. 

There are those who believe that any high school graduate should 
be admitted to engineering college instruction if he stands a chance 
of learning something about drafting, mathematics, physics and 
military drill. The applicant who is deficient in scholastic ability 
in mathematics, science and drawing may leave at the end of one or 
two years. Has he obtained the best preparation which his capacity 
fits him for? Since some 60 per cent to 75 per cent fail to gradu¬ 
ate it seems reasonable to conclude that many of those who do not 
graduate lack qualities which can be discovered by modem evalu¬ 
ations of high school records and test scores. 

By careful guidance it is possible to advise a boy or girl toward 
educational and occupational objectives for which they are adapted 
by taste, scholastic evidence and interview. There are manipula¬ 
tive and operative skills in the field of production as well as those 
of a more analytical type such as design. All fields of interest and 
experience should be explored in order that the proper type of 
schooling or training may l^e presented for consideration. If this 
method were more generally followed, preparation for war or peace 
work might be expedited because shorter courses than two years or 
four years in college are adequate for many lines of endeavor. 

* Presented at the 50th annual meeting, S. P. E. E. (Personal Develop- 
ment), New York aty, June 27-29, 1942. 
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Waste time and lost effort will be reduced by more careful 
selection of those admitted to engineering schools. The expense to 
society and to the individual will both be reduced if placement in 
college is made more effective. The trade school and the technical 
institute must bear their proportional part of the burden in pre¬ 
paring students to take that place in industry where they can serve 
best and from which they stand the best chance of rising to positions 
for which they are best fitted. 

The question of whether an engineering curriculum provides the 
best preparation for war or for peace does not enter yet. In the 
majority of eases, the requirement for admission is a high school 
diploma. Where the diploma is supplemented by a rating of the 
high school, by requiring scholastic achievement above the minimum 
or by tests, the results in general show a highef percentage of 
graduates. 

In only relatively few institutions are the economic and social 
interests of the student given an appraisal. His future depends 
on interests, abilities and personality which receive little consider¬ 
ation in the process of admission. 

It is difficult to estimate the value which accrues to one who 
attempts to adjust himself to a cfireer for which he is not fitted. 
Much more of value to the individual results from application to 
a course of study or a job in which there is interest, aptitude and 
ambition. A feeling of fitness and that there are future opportuni¬ 
ties constitute incentives which may make the difference between 
failure where one feels at a loss and success where one feels that 
they have found themselves, however vague those feelings may be. 

Under war conditions there should be flexibility of curricula so 
that the student may adjust himself to conditions not otherwise easy 
for him to master. A degree of elasticity in curricula and of adap¬ 
tability by the student might solve certain problem cases which now 
lead to withdrawal or failure. There are many such students who 
will serve well after a more or less extended engineering education 
and they are needed at present. 

What value does a sense of economic well-being have? Those 
who feel that they are equipped to be engineers have a degree of 
economic security that compares favorably with other professions. 
Wages and opportunities attract applicants. Poor risks are as 
sensitive to good prospects as are those best fitted for engineering. 

Tests of Eligibility for College 

There are dependable tests of scholastic preparation, designed to 
show fitness, or lack of it, to pursue a college or university course 
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of undergraduate study. These are tests of essential knowledge 
and attitude acquired at home, in high school, by reading and ele¬ 
mentary experience. 

The results of such scholastic Aptitude Tests have been corre¬ 
lated with college grades received afterwards and the results are 
valuable. 

There are also tests of various skills and aptitudes which yield 
reliable results. They are being employed by industry, in deter¬ 
mining the best job for an applicant. 

Institutions which have made a study of the high and prepara¬ 
tory schools from which they draw students have found it mutually 
valuable. It will improve the prediction of success if secondary 
schools are rated according to the percentage of their students of 
given scholastic average grade who graduate from college. The 
variation in the quality of preparation makes such a rating plan 
desirable if justice is done those who are better prepared. 

Tests may be required of those whose average grade in high 
school is low. Those not prepare to pursue a college career should 
be refused admission as a matter of simple justice to those who are 
better prepared. 

An institution can improve its admission practice by counseling 
those students who seem to be lacking in preparation or personality. 
No formula for admission is entirely adequate because conditions 
vary from one institution to another and from one high school to 
another. The individuality of the applicant should also be recog¬ 
nized. An interview by an understanding teacher with an appli¬ 
cant of doubtful fitness can serve to inform the applicant, change 
his purpose or assure him that he has the desired inventory of 
abilities. Some can be warned of the problems which they face be¬ 
cause they appear to lack qualities which are considered neces¬ 
sary. Human contact furnishes an incentive to those of certain 
temperaments. 

In a pamphlet entitled “Engineers are Needed” which has been 
published by the U. S. Office of Education and has the approval of 
the War Production Board, there are suggested steps in giving 
sound occupational advice to those who are considering engineer-. 
ing as a career. There are references to guidance material, a num¬ 
ber of different types of tests are described and their use is sug¬ 
gested. At the end is a personality record, a skeleton interest test 
and a very complete copy of the student’s high school record. These 
are aids to counseling the student concerning participation in an 
engineering education. It is evidence that the high schools should 
be advised to counsel concerning the fitness of students for various 
fields of usefulness. 



534 


BECRxnriNa engineers 


Predictions 

An institution which weighs all the information in its ^losses- 
sion concerning an applicant may discover how effective its selec¬ 
tion is by making a prediction of relative success or failure of those 
admitted. Such a procedure helps the admission office to discover 
factors not previously uncovered. 

Those few institutions which have made such predictions have 
improved the percentage of those graduating. Numerous factors 
have probably contributed to the improvement. Whatever the 
causes may be, it is a contribution to the war effort to select those 
who will stand the best chance of equipping themselves for effec¬ 
tive service. Those who will not succeed ought not to be encouraged 
to study engineering or any other field requiring a capital invest¬ 
ment in their education unless there is a fair prospect of return. 

We have depended too much on Providence to provide Divine 
Guidance, which wc have failed to supply. 

Differential Tests 

During the past fall a battery of tests was given to about 2000 
entering students of arts and engineering. The purpose was to 
give further study to the problem of selection. Do students at that 
time in their growth show differences in ambition, aptitude and 
preparation which can be evaluated? Can qualities be measured 
which show an inclination toward arts or toward science and engi¬ 
neering? If there is a differentiation of talents which is justfied 
by subsequent achievement, there is a valuable aid to counseling. 
Dr. Bartlett will describe the study which he has made with the 
cooperation of engineering and arts institutions and also of high 
schools in New Jersey. This study was made possible by Presi¬ 
dent A. R. Culliraore of Newark College of Engineering who loaned 
us Dr. Bartlett to conduct this investigation. The results are dis¬ 
tinctly promising. 



GUIDANCE AND PLACEMENT OF ENGINEERING 

STUDENTS * 

By RUSSELL S. BARTLETT 
Headmaster, The Gunnery School, Washington, Conn.t 

As a boy approaches graduation from high school, there are two 
((uestions for which he must find the answer: 

1. For what area of study and employment am I best fitted? 

2. At what level of study will I derive the greatest profit f 

Both of these questions have been neglected by the colleges. 

Often the answer is sought to another question, but in a passive 
rather than in a positive sense: “Ts this applicant fit to enter our 
institution?” Either we permit' him to enter the institution or 
we tell him he cannot enter, usually without offering any useful 
suggestion as to what he should do. If an applicant is admitted 
he may be attempting to make of himself a mediocre engineer out 
f)f a brilliant i>rospect for some other area of study. On the other 
hand, there may be boys entering arts colleges, who will be moder¬ 
ately successful there but would be brilliant engineers. Better, 
certainly, is some measure of positive guidance which, considering 
the boy, the job, and the demand, will each give a push in the right 
direction. Certainly we can do a better job in guidance when we 
know more about the boy. It may then be necessary to say to him: 
“You lack the highest qualifications for the field of technology; 
probably in other times you would be well advised to study jour¬ 
nalism or business administration; to-day, with the great demand 
for men with technical training, your beat opportunity and greatest 
service lie that way.” Clearly our responsibility reaches beyond 
the mere acceptance or rejection of the applicant. 

After the boy is properly guided into the field of technology, 
there is the question of level. Has he the needed equipment to 
succeed in professional engineering? Should he attempt a sub- 
professional career, starting through a technical institute? Are 
his qualifications such tbafr he will achieve the greatest success 
through training in a trade school? These questions are related; 
yet the means of seeking the answers are quite distinct. 

* Presented at the 50th annual meeting, 8. P. E. E. (Personal Develop¬ 
ment), New York City, June 27 - 29 , 1942 . 

t Study made at Newark College of Engineering. 

. 685 



536 GUIDANCE AND PLACEMENT OP ENGINEERING STUDENTS 


Finding the Area op Most Eppective Study 

Though our ultimate aim is to discover the area of most effec¬ 
tive employment for each individual, because of the difficulty of 
fiiidinff suitable criteria of effective employment it is probably 
best at the start to attempt to discover the curriculum in which 
the boy will achieve the greatest success. There is the added ad¬ 
vantage that the time lapse is not so great, particularlj^ if we start 
by using success in the freshman year as our criterion. One must 
recognize that freshman grades may not be highly indicative of 
later success. Against that weakness must be balanced the weak¬ 
ness of unreliability of grades after the students have started 
specialization. We cannot be sure that a certain Grade Point 
Average in Chemical Engineering is equivalent tc^ the same aver¬ 
age in some other curriculum. In some cases we are very sure 
that they do not indicate the same academic success, because the 
competition is keener in one group than in another. Further¬ 
more, there is reason to believe tliat the requirements for success 
are different in different fields of engineering. Later, it may be 
possible to establish separate criteria and make independent stud¬ 
ies for different branches of engineering, though the numbers 
would be small except for our largest institutions. Thus, for any 
reliable conclusions it would be necessary to include a number of 
classes, extending the time required and introducing an error due 
to progressive changes in methods and standards. To begin with, 
then, we seek methods of predicting success in the freshman year, 
and of predicting that field in which the greatest success may be 
achieved. 

When the idea of a test of scholastic aptitude was first ac¬ 
cepted, there was little or no attempt at differentiation. There 
was one general aptitude, measured largely in terms of command 
of the English language. Later investigation soon showed that 
this general aptitude was a composite of many parts, and that dif¬ 
ferent persons possessed these competent aptitudes in varying 
degrees. Thurstone has succeeded in isolating a number of such 
components, possibly as many as ten or a dozen. His researches, 
hoAvever, concerned themselves solely with testing materials and 
the intercorrelations obtained with an experimental test group. 
From these studies arose the Thurstone Test of Primary Mental 
Abilities. Studies are continuing with this test, but at present 
it does not seem to be the most promising for our purposes, in 
that little attempt has been made so far to relate these primary 
aptitudes to areas of further study and employment. Once we 
have accepted the principles of individual differeftces, we look 
around for means of evaluating the mental equipment of each 
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student, seeking to discover his regions of strength and of weak¬ 
ness. Scrutiny of his scholastic performance in high school, with 
special attention to contrasting achievement in different subjects, 
is a natural first step, but one which proves relatively unfruitful. 
Of course, if a student has shown consistently superior work in 
mathematics he should continue in a field in which it is employed. 
More common is an erratic record in that a boy may do better 
work in mathematics in one year, better work in English or his¬ 
tory during another. The boy or girl is growing, and is subject 
to change. Further, motivation may vary from year to year and 
from subject to subject. Add to this confusion the fact that 
schools differ widely in emphasis on different studies and in 
standards maintained, and one is forced to the conclusion that 
comparative performance in different fields in school is at best a 
crude indicator of comparative performance in college. 

Use of standard tests of achievement certainly adds definiteness 
to the picture rendered by academic performance. Yet even if 
this record were perfect in reliability, it would still fail to give a 
complete picture. Too many areas of study are not touched at 
all in school or are dealt with so lightly that a grade is not a fair 
index of ability. Furthermore, academic success and performance 
on achievement tests is dependent upon the quality of the teach¬ 
ing. A set of records will tell what a variet}' of students have 
done, under a variety of conditions ; this may be but little related 
to what they will do when working under identical conditions for 
all. 

Certainly there is need for a measure of academic aptitude in 
many areas of study. By academic aptitude we mean the readiness 
to profit from further study; this is undoubtedly related to suc¬ 
cess in past study, but is not coextensive with it. Tests of aca¬ 
demic or scholastic aptitude, general or sjjecific, help to show 
whether a student has that quality of mind which is necessary for 
academic success, either in general or in specialized areas. 

The Yale Battery op Tests op Differential Academic 

Aptitude 

Starting over ten yeai*s ago. Dr. Albert Beecher Crawford, of 
the Department of Personnel Study of Yale University, has de¬ 
veloped a series of tests of^ academic aptitude in different areas 
of study and employment. Many others have contributed to the 
development of the battery. After mention of the work of the 
Carnegie Corporation and the College Entrance Examination 
Board, the indebtedness to others may best be expressed in a 
recognition of the happy situation that exists among most makers 
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of tests whereby materials are freely loaned, provided only that 
acknowledgment is made. Thus, though the Yale experiment has 
been of limited duration and scope, experiences of many others 
in restricted areas of testing have made their contribution to the 
development of this Yale Battery. Tests of Scholastic Aptitude 
or Verbal Comprehension, of Artificial Language, and of Space 
Perception or Visualization have long been accepted as standard 
and reliable indices of aptitude. Springing from a trial with a 
few tests, a full battery came into being in 1936, consisting of six 
tests, whose titles, together witli their nearest modern counterparts, 
are shown below; 

1936 Title 1941 Title and Number 


Verbal Comprehension 
Artificial Language 
Bcientifie Aptitude 
Scientific Originality 

Spatial Belations 
Mechanical Aptitude 


Verbal Comprehension I 
Artificial Language Tf 
Verbal Reasoning ’III 
Quantitative Reasoning 1V 
Mathematical Aptitude V 
Spatial Visualizing VI 
Mechanical Aptitude VII 


Analysis of results for the tests as a whole and for individual 
items have brought about a gradual refinement, with the elimina¬ 
tion of unsatisfactory sections or items. Each test has consisted of 
a number of parts, and there has been some shifting of these parts. 
One section of Test IV (Quantitative Reasoning) formerly was in 
Test V (Mathematical Aptitude), The tests were first used with 
test groups of students at Yale, and with whole classes (10th, 11th, 
and 12th grades) at a number of secondary schools, mostly pri¬ 
vate and mostly in the East. Lately the tests have been given to 
all entering freshmen at Yale. A few of the tests have had slightly 
different forms for the school and college populations. From a 
scrutiny of results this test battery appeared to offer greatest prom¬ 
ise of assistance in the solution of our problems. Accordingly a 
trial of the tests in a wider field was planned. With the advice of 
Dr, Crawford, six tests of the battery were selected as likely to 
afford good differentiation between aptitudes for several areas of 
study. Test III was omitted, since it offered little differentiation, 
though an excellent test of general academic aptitude. A number 
of institutions were invited to participate in a testing program. 
Because of the desirability of securing test results from non-engi* 
neering as well as engineering students, invitations were extended 
only to institutions including both types. Tests were given to 
almost two thousand freshmen, during October and Novemb6t# 
the University of Florida, the University of MissoUH, Northwest¬ 
ern University, Pasadena Junior College, the University of Ten- 
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nessee, and the University of Texas. These institutions admin¬ 
istered a battery of five * or six tests to their incoming freshmen, 
and returned the materials to us for scoring, reporting, and 


I TestII 

ABCDEFGHK ABCDe\GHK ABCD£FGHfi 



Tesrv TfstW TsstWI 



Fig. 1. Distributions of scores of various groups of students, Yale Dif¬ 
ferential Aptitude Tests. A, B, C, D, E, (?, are groups of engineering stu¬ 
dents. F is a mixed group, strongly liberal arts and science. H and K are 
non-englneeruig students, to be paired with C and F. Each bar shows scale 
score for percentiles 90, 75, 50, 25, 10, in its group. 

analysis. Since the tests had already been given in September to 
all Yale freshmen, we have available for study a varied and sizable 
test group. In Fig. 1 are shown the distribution of scores of these 

* At some institutions a standard test of verbal aptitude already a part 
of the testing program, was substituted for Test I of the Yale Battery. 




lon-Englnearlng Engineering 

Comparison of Scores on Yale Tests for Two Universities 
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institutions on this test battery. Fif?. 2 * shows in contrast, the 
scores achieved by comparable prroiips of engineeriup and non-engi¬ 
neering students, showing, first, the general characteristics of the 
two types, and secondly, variations on these general characteristics 
due to local conditions. Clearly engineering students are superior 
in those qualities measured by the higher numbered tests, non-engi¬ 
neering students inferior in these areas. The lines drawn solid for 
one institution dashed for the other, indicate scores achieved at 
percentiles 90, 75, 50, 25, 10, for the several tests. 

Subsequently a group of high schools in and around Newark, 
New Jersey, was invited to administer the teats to bona fide college 
aspirants among their students, preferably in the eleventh grade. 
Participating were about 1,000 students in the Barringer, Central, 
East Side, South Side, and Weequahic high schools in Newark, 
together with Columbia High School in South Orange-Maplewood, 
and the high schools in Bast Orange, Montclair, Plainfield and 
Summit, and Newark Academy, a private secondary school. Dis¬ 
tribution of scores achieved by these groups are shown in Figure 3. 
The tests are the same as those in the college testing program, 
with one exception, a test in mathematical aptitude, which depended 
too much upon current studies to permit the same test to be used 
in both groups. Evidence that the tests are measures of aptitude 
is found in the comparable range of scores of the two groups, col¬ 
lege and school, in most cases two years apart in academic age. In 
one test the school boys and girls achieved better results than the 
college students. For each group a scaled score was established 
on each test, with a mean value of 50 and a standard deviation of 
10, thus making possible a direct comparison of scores for several 
tests with widely varying maxima or averages in raw scores. The 
scales were established independently for the college and for the 
school groups. Thus, comparisons cannot be made between the 
figures and diagrams presented for the two groups, where these 
are in terms of scaled scores. For the school group, in addition 
to the variations in different areas, the results for school H are 
interesting, since this is a technical high school. 

Results of Past Trials of the Yale Test Battery 

Follow up studies have been made of the subsequent academic 
careers of boya who took this test battery some years ago. No very 

* In Fig. 2 the solid lines indicate scores on the several tests, at the 90th, 
75th, 60th, 25th, and 10th percentiles, above for engineering freshmen, below for 
non-engineering, at a certain university. The dashed lines present similar infor¬ 
mation for another university. Thus it is possible to study general differences 
between engineering and non-engineering students, as well as the local char¬ 
acteristics of either group. 
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high correlations were found with later grades in particular courses, 
though some highly significant differences were noted. Thps, for 
a certain group one test was found to correlate about 0.60 with 


TestI TestIl ^ TcstCC 

ABCDEFOHJKU A&CDEFOHJKL. A JB C 0 E F 0 H J K L 


lllllffll 


iimiini 


wiiiiiiniiuuuiniiuuiiii 


Test 

Test Y1 

Test 'SJL 

ABCOEFGHJKV. 

ABCDEF0H«>KL. 

ABCDEFOHJKL. 


jiniimnnifniininiiiniiR 
■imimiimimimmiiii 


Fig. 3. Distribution of scores for high schools, Yale Differential Aptitude 
Tests. Each bar shows scale score percentiles 90, 75, 50, 25, 10, in one 
school. 


a related subject, lass than 0.20 with grades in an unrelated sub¬ 
ject. Considerable difficulty was experienced at firsf in establish- 
lishing the validity, whether good or bad, apparently because of 
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differing standards in the participating schools. Recently it has 
been possible to follow up, to a limited extent, the performance 
in college of boys taking the tests in school. Difficulty was experi¬ 
enced here, however, because of the small group in any one course 
at any one college. Furthermore, a process of self-selection led 
to an extremely limited range of test scores for correlation with 
grades in certain courses. For example, in freshman mathematics 
very few are found with test scores below 50 in related tests. 

The question naturally rises, “If a test score obtained at matric¬ 
ulation in college is indicative of later success, will the test scores 
have similar significance, when obtained two years earlier at the 
eleventh grade level?” Or, “Will results which are good pre¬ 
dictors of success at the twelfth grade also indicate the nature of 
success in college?” A complete answer to these questions is not 
possible at present. Certainly boys change and grow. External 
conditions and motivations are bound to have a marked effect. 
Yet there remains some positive evidence of the persistence of dif¬ 
ferential aptitudes. A group of boys took the test of verbal com¬ 
prehension in two successive years. The correlations obtained, 
about 0.825, is considerably better than the correlation between 
grades in successive years of study of English. A lower corre¬ 
lation was found, 0.675, Jbetween successive attempts at the spatial 
relations test, but this was shown to be due, in part at least, to 
the study of plane geometry in the intervening year by some of 
the students. Studies are now in progress, relating test perform¬ 
ance in school to performance in later years in school and college, 
which will answer, partially, the questions above. 

Correlations between individual test scores and performance 
in particular subjects, or in all subjects, fail to give a complete 
picture. The pattern of performance on all tests carries a clearer 
message. Reference has already been made to Fig. 2, which shows 
characteristic patterns of engineering and non-engineering groups. 
This depends for its value upon the soundness of the students’ 
choice of a curriculum. It will be at least a year or two before 
we can tell how wisely that choice was made. Fortunately, Dr. 
Crawford has made available figures which bear on this point. He 
has examined the scores obtained on the Yale Tests at the time of 
matriculaiion, of students who later achieved distinct success dur¬ 
ing three years of study. Oontrasted with these scores are those 
obtained by the group whose achievement was the lowest. In Fig. 
4 are plotted the test scores of the top and bottom quarters in the 
Yale School of Engineering, the Sheffield Scientific School, and 
Yale College (of Liberal Arts). The bottom quarter includes those 
who have failed and dropped out up to this point, with enough of 
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the lowest grades still remaining to make up one quarter of the 
total enrollment. 

Though certain facts are self-evident from the figures, a few 
points deserve special comment. The test in Verbal Comprehen¬ 
sion, Number I, is highly discriminating for all groups, and, curi¬ 
ously enough, Test II, Artificial Language, is almost equally valid 
ill distinguishing good from poor students regardless of their cur¬ 
ricula. It is highly significant that the lowest quarter students in 
Yale College do almdist as well as the top quarter on the higher 
numbered tests. Evidently ability in mathematics and a spatial 
and mechanical sense is of little importance in this liberal arts 
college, and it may be further deduced that the tests offer fair 
measures of those attributes. All seven tests are discriminating 
for engineers, though it is evidently possible for students to succeed 
in engineering studies with only moderate facility in English. 
Apparently aptitudes measured by the higher numbered tests are 
slightly more important. Very probably, a more detailed study 
is required to show what happens ‘to students in engineering who 
are significantly low in certain traits. 

Placement with the Field op Technology 

The problem of guiding the boy into the most suitable branch 
of engineering, civil, mechanical, etc., is almost exclusively a local 
problem, conditioned by the requirements and opportunities pecu¬ 
liar to each institution and to each locality. It is impossible to 
deal with that problem in a general discussion. It may not be 
amiss, however, to urge upon each engineering school a study of 
its own methods of guidance and an attempt at evaluating their 
success. In particular, there would be a real gain if the admis¬ 
sions or placement officer would risk making a prediction with re¬ 
gard to each candidate, and studying the results, particularly those 
cases where the prediction proved wrong. 

Let us suppose that a boy has been tested. His high school 
record has been evaluated. It is concluded that he should enter 
the field of technology. At what level, or better, at what type of 
institution should he apply for admission? Prognostic tests of 
aptitude, such as those discussed, offer real aid in answering these 
questions. A boy with superior mechanical ability and spatial 
sense, but weak in mathematies, should seek his further education 
in a trade school or technical institute. One who is weak in aca¬ 
demic subjects in high school, but has excelled in shop courses and 
commercial-mechanical subjects ■ should follow the same advice. 
Doubtless the college registrar is prepared to give such advice to 
boys who are rejected, and will even sugg^t to others that though 
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he is ready to give them a trial if they insist they would probably 
be better served elsewhere. Still, the chief concern of the admissions 
officer is the simpler question of acceptance or rejection. At the 
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present state of guidance and measurement techniques, that ques¬ 
tion should receive a major part of our attention. 

Records have been made available at the Newark College of 
Engineering. Prom preliminary studies of last year, a data card 
was prepared and sent to four engineering schools, for the as¬ 
sembly of data bearing on the admission of the student and his 
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subsequent academic success. The results were late in coming in, 
so that complete studies have not been possible. Yet certain con¬ 
clusions can be drawn. First, it must be emphasized again that 
local conditions are important. For a college drawing boys from 
a small number of schools, particularly if the schools themselves 



Fio. 6. Prediction-performance for freahnian ytsar, 1940-1941, in deciles 
of the class. Prediction based on record in high school, adjusted for perform- 
:mce of students in previous years. 

A, not adjusted; B, adjusted; for all schools providing data 

sufficient for adjustment. 

C, D, not adjusted; C, prediction in top half. 

D, prediction in bottom half. 

JE, F, adjusted; E, prediction in top half. 

F, prediction in bottom half. 

G, H, no adjustment possible; G, prediction in top half. 

11, prediction in bottom half. 

are rated on past performance, the high school record is one of the 
best indices of college success. Where boys come from many 
schools, of differing standards, more reliance must be placed on 
test results. Invariably a combination of test results and school 
records is better than either one alone. 
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Studies were made of records for a college drawing from a 
limited number of schools. In figure 5 will be found plotted the 
difference between prediction and performance (prediction based 
on high school records), when all schools are treated alike, and 
when corrections are applied, based on the performance of boys 



from each school having a substantial number. Since records were 
available for a two-year period only, many schools did not sup¬ 
ply enough students to justify a correction.* Figure 6 shows the 
results when the correction factors from the past two years arc 
carried forward and applied to give a prediction for the class 
completing its freshman year last June. The prediction is not 

* In Figure 7, each line indicates, for one school, the expected relation 
between school rank and college rank. Though most of the lines converge 
toward the top, as might be expected, for one school it appeared, strangely, 
that a boy might be expected to rank in the eighth decile from the top, in 
college, regardless of his performance in school. 
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quite so satisfactory, nor is the improvement so marked, from the 
correction. The trouble lies to a considerable extent in a marked 
shift in population, more boys coming from schools vrhich were 
rated on meager evidence or which were not rated for lack of evi¬ 
dence. There is every indication that a substantial improvement 
in reliability of prediction is obtained when these corrections are 
applied. Also, the practice of making the prediction puts the 
predictor on his mettle. 

Another interesting point arose in this attempted prediction. 
A number of boys were admitted for whom failure could be pre¬ 
dicted as a virtual certainty. (Of 26 placed by prediction in the 


TABLE I 

CORRKLATIONS OF KnTRANCE CRITERIA WITH COLLBQE PSRFURMANCE 




A 

B 

B' 

C 

41 

,-42 

41 

42 

41 

42 

43 

44 

4.5 

41 

42 

H. S. Rank 

12 

.46 

.48 

.39 

.45 

(.61 

.54 

.62 

.29 

.37) 



ACE Psych. 

22 

.35 

.25 

.44 

.41 

.46 


.41 

.36 

.17 

.53 

.46 

L-Score 

23 

.28 

.22 








.42 

.40 

Q-Score 

24 

.30 

.16 








.47 

.41 

English Ex. 

27 

.47 

.35 

.48 

.44 

.34 

.46 

.42 

Eli 

\wm 

.53 

.43 

Math Exam. 

29 



.69 

.64 

.48 

.65 

.54 

.29 


..54 

.43 

Chem Exam. 

EHj 



.57 

.56 

.58 

.59 

.55 

.55 

.54 

.53 

.30 

Local Exam. 

35 

.35 

.30 








.57 

.44 












Bl!] 

.43 


37 










.51 

.50 


38 










.32 

.30 

Fr. 1 Sem. 

41 




.85 


.80 

.55 

ETil 

.65 


.88 

2 Sem. 

42 







.51 

..56 

.63 



Soph. 

43 








.69 

.80 



Junior 

44 









.84 




* The group of figures in parentheses are highly unreliable, perhaps should 
not be included. 


lowest fifth of the class, 20 achieved that distinction during fresh¬ 
man year.) Inquiry showed that many of these boys were ad¬ 
mitted, despite low scholastic record, because of evidence of good 
eitizen^ip or other desirable personal qualities, probably as a 
result of an interview. Here is a difficult problem. Granting the 
importance of considerations of personality in the making of an 
engineer, there is an obvious miscarriage if a boy is admitted to 
engineering school because of those qualities, and flunked out be¬ 
cause of academic shortcomings that were apparent from the be¬ 
ginning. 

Unfortunately this school is one which administers tests at ad¬ 
mission to doubtful candidates only. As a result it is almost im- 
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possible to evaluate the usefulness of the tests as predictors, since 
the population taking them is small and of highly restricted range. 

An interesting contrast is afforded by the correlations presented 
in Table T. Various admissions and entrance criteria are listed 
at the side, and the correlations are given with first and second 
semester averages for the freshman year, for two institutions, B, 
an endowed university driiwing students from an extensive region; 
A, a state college with a more limited range, and the inevitable 
concomitant, more uniformity in high school standards. 

College performance is measured in terms of grade point aver¬ 
age or equivalent measure of success in all studies: 41, First Semes¬ 
ter, Freshman Year; 42, Second Semester, Freshman Year; 43, 
Sophomore Year; 44, Junior Year; 45, Senior Year. 

A, B, C, class of 1944 in engineering at three*institutions. B\ 
class of 1941 at same college as B. ■ 

The contrast is quite striking. For A the high school rank is 
the best predicator of academic success during the freshman year, 
though no prediction is good. The use of one or more of the 
test results, in a multiple regression equation or in an estimated 
weighted average, would certainly lead to improved prediction, 
though it would never be very good. Unfortunately in both of 
these eases records have not been obtained for several consecu¬ 
tive years, so that the rating of the schools is not possible. Curi¬ 
ously, the results for B indicate that almost any test is better than 
the high school rank. This is not too surprising, when one con¬ 
siders that the boys came from a very great spread of schools. 
Furthermore high school rank was given in deciles only, with stu¬ 
dents coming from but four of tliese, more than two fifths from 
the highest. Here too there is clear evidence that a combination 
of test scores and high school rank would yield an improved pre¬ 
diction, though the intercorrelations between the tests are so high 
that not much would be gained by including more than one test 
with the high school record. 

High school records of scholastic achievement gain added re¬ 
liability from the fact that they represent a composite of ability 
and effort. Their weakness, not corrected entirely by the practice 
of rating the high schools on past performance, is the diversity of 
standards and requirements among different schools. Universal 
objective tests, particularly achievement tests, offset this weakness 
but introduce another springing from the divergence in the qual¬ 
ity of instruction in different schools. A boy with a fine men¬ 
tality may do badly on a test because he has been poorly taught, 
or because he has not been extended by his teachers«r his competi¬ 
tors. Tests of the aptitude type can complement these, in that they 
give a measure of intellectual capacity more independent of the 
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quality of instruction and competition. In a sense they are for¬ 
ward looking, where the others look backward, and gain their value 
as past performance indicates future prospects. Unfortunately 
there is available at present no extensive study involving tests of 
these two types with good school records to yield a combined pre¬ 
diction, though there are a few isolated examples.* The scho¬ 
lastic aptitude test of the College Entrance Examination Board, 
together with a number of mathematics tests, has proved useful 
for institutions using them. Predictions at Yale, on such a basis, 
using Scholastic and Mathematical Aptitude, College Board sub¬ 
ject matter exams, and adjusted high school rank, correlated as 
high as 0.75 with freshman averages, between 0.5 and 0.6 with 
performance in restricted areas. 

Results at Harvard are similar. Most important is the con- 
(‘lusion that, though certain general suggestions can be made, each 
institution has its own peculiar problems, which can be solved 
best by a study of its own records, implemented by the use of such 
standard tests of achievement ^nd aptitude as seem to fit best the 
local conditions.f 

This report should not close witliout acknowledgment of the 
contribution of President Cullimore, of the Newark College of Engi¬ 
neering, who made possible the survey, provided clerical and other 
assistance as well as financial support, and was ever ready to give 
a sympathetic ear to suggestions ; and of the contributions of Dean 
R. L. Sackett, who guided and advised without restricting freedom 
of action; and finally of the assistance and advice of many at the 
Newark College of Engineering, notably Mr. Edward W. Rice, who 
managed much of the detail work of the survey and contributed 
lavishly of his time, energy, and ideas. 

* The American Council on Education Payehological Examination, though 
widely used, scarcely fills the need for a predictor for engineering schools. 

t See the report of the Committee on Student Selection and Guidance, 
Journal or Enqinkkbino Education, November 1941. On page 238 -will be 
found a list of testing agcucios. Earlier pag»*8 discuss briefly some of the 
tests there listed. 



PERSONAL DEVELOPMENT—TEN YEARS AFTER* 


By J. E. WALTERS 

Vice I’n'sident, Revere Copper and Brass Incorporated 


Tn a democracy personal development is a personal matter of 
free choice. A person can develop as he sees fit or as he is fit. 
Everyone may vary in ability, but unless each takes the responsi¬ 
bility of developing himself, he is free to waste himself and his 
abilities away. Similarly, this is true with the engineer ten years 
after graduation. In normal times, ten years after finishing school 
the average engineer is making about $y000,t has a home on which 
he is paying installments, has a wife, two children, a dog, has fairly 
steady work and is reasonably happy. However, he is on a plateau 
of accomplishment and does not have very much ambition to im¬ 
prove himself or to enter into the social and political life of the 
community. He can’t understand why the labor union in his 
plant doesn’t like the labor-saving device he has invented, and why 
the president of his company wants him to leave his nice new 
little home to attend conferences on engineering, to participate in 
the activities of his professional society, and to learn about the new 
things that are going on. The boss wants him to develop himself 
so that he can design the new mill that is under consideration, in¬ 
stead of working out the run-of-the-mill small designs. 

In discussing this with a number of executives recently, they 
all agreed that the average engineer arrives at a plateau of learn¬ 
ing and ambition about ten years after graduation, and that it is 
difficult to spur his ambition to greater accomplishment. 

Although it may not be as bad as these executives contend, 
there is some truth in the fact that most engineers do not develop 
themselves personally after graduation as they could or should. 
Was it their college education in engineering f Perhaps the last 
depression had something to do with it. The companies who em¬ 
ploy them may not be entirely without fault. But what can be 
done about it for the future? 


* Presented at the .50th annual meeting, 8. P. E. E. (Personal Develop* 
ment), New York City, June 27-29, 1942. 
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We shall need better engineera for television than for radio, 
better ones for airplanes than for the railroads or automobiles, 
for magnesium than for steel or aluminum, and so on for the various 
new products and developments to come. These future engineers 
must also be more socially minded in the future than they have 
been in the past. They must be technical as well as sociological or 
psychological engineers. Yet, the better engineers of today say 
the young engineers should have more technology, and the soci¬ 
ologists and psychologists of liberal arts contend that these young 
engineers need more sociology, psychology, and business training 
than previously. What shall we do about it? Perhaps both are 
right for normal times. During the war when we apparently do 
not need so much culture, the cultural subjects in the engineering 
curriculum are being eliminated. But at the close of the war, why 
not give the engineer a liberal education of personal development, 
ambition, and culture first, and then his strictly technical educa¬ 
tion? In this manner, the lib^al arts colleges would be satisfied 
and so would the technical universities. Perhaps, we would have 
better engineers who would be able to go beyond the plateaus of 
ten years after graduation and be outstanding engineering leaders 
which the future will need. Now, we must and will win the war, 
but in the future we must have bigger and better engineers—better 
personally, socially, and technically. 
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Status op Purdue University Alumni Classes 1922 - 27 , Ten 
Years After Graduation (April 1 , 1938 ) * 

From a Study Made By 
1). C. MILLER AND ,7. E. WALTERS 
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SALARIES (APRIL I, 1938) 


Fig. 1 presents the median, quartile, maximum, and minimum salaries of 
Purdue University graduates (classes of 1922 to 1927 inclusive) according to 
information returned in 1938. 
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SAME CLOSELY SLIGHTLY NONE 

RELATIONSHIP OF SCHOOL WORK WITH VOCATIONAL WORK 


Pig. 3 presents tlio percentages of Piirduc University graduates (classes of 
1922 to 1927 inclusive) who, in 1938, were in work which was the same, closely, 
slightly, or not at all related to the course taken at the University. 



SAME CLOSELY SLIGHTLY NONE 


PRESENT MEDIAN SALARY FOR EACH SCHOOL UNDER EACH 
RELATIONSHIP OF OCCUPATION WITH EDUCATION 

Pig. 4 presents the salaries of Purdue University graduates (classes 1922 
to 1927 induBive) according to the relationship of work in 1938 to courses 
taken at the University. ** 
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Purdue University Alumni—Classes 1922-27 
Percentage Etnploymeni in Various Ctassifications of Work 



Mc- 

ohani- 

cala 

Elec- 

tricala 

CivUs 

Chemi¬ 

cals 

Total 

Median 

Salary 

1. Accounting and Pinancing 

4.5% 

4.3% 

4.3% 

1.9% 

4.1% 

$3042 

2. Administration 

21.0 

16.6 

11.4 

11.5 

16.0 

4156 

3. Sales and ^les Promotion 

26.5 

17.0 

10.0 

14.4 

17.6 

3780 

4. Design 

7.5 

8.5 

10.0 

1.0 

7.6 

3097 

5. Construction and Maintenance 

3.5 

7.7 

36.7 

1.9 

13.0 

2972 

6. Production and Operation 

16.0 

20.4 

4.3 

25.0 

15.4 

3681 

7. Research and Development 

8.5 

10.2 

1.9 

31.7 

10.3 

3487 

8. P'arming and i'ann Owners 

0.4 

0.8 

0.0 

0.0 

0.4 


9. Field Workers 

1.1 

2.6 

11.4 

1.0 

4.2 

2944 

10. Private Enterprise 

3.3 

5.1 

6.2 

1.0 

4.3 

6125 

11. Teaching, Library, and Literary 

0.7 

3.4 

3.3 

7.7 

4.7 

2750 

12. Medical, Hospital, Pharmacy 

0.4 

0.0 

0.0 

0.0 

0.1 


1.3. Relief 

0.4 

0.0 

0.0 

0.0 

0.1 


14. Graduate Students 

0.0 

0.4 

0.0 

0.0 

0.1 


15. Miscellaneous 

2.2 

3.0 

0.5 

2.9 

2.1 

2800 


Table 1 presents salary and personnel information of Purdue University 
graduates (classes of 1922 to 1927 inclusive) returned in 1938, ten to fifteen 
years after graduation. The above table gives the percentages employed and 
the median salary in each functional classification. 

PuRDUK University Alumni—Classes 1922-27 



COLLEGE NOTES 


Clemson College.—The war eifort has played an important part 
in the activities of the engineering staff during the past year. 
Numerous special courses have been taught in various fields and 
research of interest to government agencies has been carried on. 
Engineering, Science, and Management War Training courses have 
been given in Engineering Drafting locally and in four other cities; 
in Fundamentals of Radio locally and in five other cities; in Sur¬ 
veying and Mapping; in Safety Engineering in six cities. Engi¬ 
neering Defense Training courses have been given in Building 
Construction, Construction Methods, Structural Design, Reinforced 
Concrete, and Advanced Structural Design. In National Defense 
courses, several sections of Welding and Machine Shop have been 
taught locally both to men and women. Civilian Pilot Training 
programs have been fully carried out both in the part time and full 
time phases in elementary and secondary work. Pioneering re¬ 
search is in the progress in the use of bamboo as reinforcement for 
concrete with funds contributed by outside agencies and by the 
Kress foundation. 

The engineering staff has lost several men to the armed services. 
W. M. Wachter, Instructor in Mechanics and Hydraulics, was 
called to active duty as second lieutenant in the Corps of Engineers. 
E. B. Therkelsen, Instructor in Electrical Engineering, was taken 
into the Signal Corps on his reserve first lieutenant’s commission. 
Both these men had been deferred for more than a year. D. W. 
Bradbury, Instructor in Drawing, was called to Infantry and made 
Motor Maintenance Officer in the Armed Forces. A. M. Quattle- 
baum. Assistant Professor of Civil Engineering, took up his reserve 
commission as first lieutenant in Infantry and is assigned to in¬ 
vasion barge duty. II. M. Wiss, Instructor in Architecture, was 
taken in the draft. R. M. Anderson, Associate Professor of 
Architecture, has recently been commissioned Lieutenant in the 
Naval reserve. 

Filling the vacancies caused by these are: F. R. Sweeny, In¬ 
structor in Mechanics and Hydraulics; J. R. Keeling, Instructor in 
Electrical Engineering; C. M. McHugh, Instructor in Drawing; 
C. C. Norman, Instructor in Civil Engineering; J. W. Linley, 
Instructure in Architecture. No appointment for Pr(^. Anderson's 
place has yet been made. Additional appointments are F. W. 
Sheldon, Instructor in Drawing and M. C. Moseley, Instructor in 
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Electrical Engineering. D. N. Harris, Assistant Professor of Engi< 
neering Drawing, has been forced by ill health to take a year's 
leave. 

A unit of the Signal Corps was installed as a regular part of the 
ROTC, filling a long standing need for special military training 
along engineering lines. 

The college has contracted with the Government to furnish 
training to specialized branches of the armed services. Details are 
not yet available, but it is expected that work will be in aviation 
and engineering. 

Cornell University.—Herbert H. Williams, director of the Cornell 
University Placement Bureau since 1933, has been appointed 
assistant to Dean S. C. Hollister of the College of Engineering. 
Williams graduated from the Cornell School of Civil Engineering 
in 1925. 

L. Donald Doty, employed since 1934 by the U. S. Army Engi¬ 
neers on various projects, has been appointed associate professor of 
hydraulic engineering in civil engineering. 

Daniel F. Langenwalter and Stanley L. Schauss have been 
appointed instructors in the School of Electrical Engineering. 
Langenwalter, a graduate of Georgia School of Technology with the 
degree of B.S. in Electrical Engineering in 1941, has been at Cornell 
during the past year as a John McMullen graduate scholar working 
for his master's degree. Schauss is a graduate of Cornell with the 
degree of Electrical Engineer in 1927. 

H. J. Loberg, C. I. Millard, and R. Y. Thatcher have been 
advanced from assistant professors to associate professors, and A. B. 
Credle, W. A. Johnson, T. A. Ryan, H. G. Smith, and J. H. Smith 
from instructors to assistant professors in engineering. 

Assistant professor H. N. Fairchild has been transferred from 
the department of heat power engineering to the department of 
experimental engineering. 

Two new departments were added to the Sibley School of 
Mechanical Engineering this fall. Professor Charles 0. Mackey was 
named head of the Mechanical Engineering Laboratory, and Pro¬ 
fessor J. R. Moynihan head of the Department of Engineering 
Materials. These two departments will absorb the functions of the 
former Department of Experimental Engineering, and will also have 
additional functions demanded by recent advances in the two 
fields. Professor Mackey, who received his M.S. degree from 
Cornell in 1926, has been on the college staff since 1924, when he 
was appointed instructor in experimental engineering, later trsms- 
ferring to the heat power department. He was made an assistant 
professor of heat power engineering in 1929, and professor in 1936. 
Professor Moynihan also received his M.E. degree from Cornell in 
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1926, and took his M.M.E. in 1932. He was an instructor in 
experimental engineering in 1929-30 and 1931-37, and assistant 
professor from 1937-41, when ho was given his present rank of 
associate professor. 

Lieutenant Commander Arthur S. Adams, former assistant dean 
of the College of Engineering and officer in charge of the Diesel 
Engine course in the Naval Training School at Cornell, is now 
located in Washington, D. C., where he was ordered for special 
duty with the Navy Department. 

(Chemical Engineering students moved into their new building, 
Olin Hall, this fall. This new building houses Chemical Engi¬ 
neering laboratories and classrooms for approximately 500 students, 
and was presented to Cornell by Franklin W. Olin, '86, president of 
the Western Cartridge Company. The building is dedicated to 
Franklin Olin, Jr., '12, who died in 1921. 

Missouri School of Mines and Metallurgy.—The history of this 
school is the product of ten years of research, collection of data, and 
editing. Careful documentation and thoroughness of treatment are 
striking characteristics of the work. It was edited by the Phelps 
County Historical Society, Mid-State Printing Co., Jefferson City, 
Mo., 1941, 1020 pp. 

The contents of the first seven chapters can be summarized by 
saying that they give a view of the school as it now exists, a resume 
of the School of Minos’ practical service to the state and nation, 
a sketch of the period of general industrial development of Missouri, 
and a rather detailed record covering the period of legislative 
establishment of the School. Particularly interesting and informa¬ 
tive is the chapter dealing with the general industrial development 
of the state and the influence of this development on the founding 
of the School. 

Chapters 8 to 19 cover the administrations of the first twelve 
directors of the School, 1871-1941. In general each administration 
is treated under the following topics: “biographical sketch of the 
director; details of the School’s departmental organization; names 
and status of the Faculty members; the educational policies in force; 
the numbers of students and graduates, with the number and kinds 
of degrees awarded; the evaluation of the various technical and 
academic curricula; a statement of financial problems, legislative 
appropriations and fiscal affairs; and an outline of the particular 
problems and achievements of the administration.” 

In this section we witness the birth (under the agis of the 
Morrill Act), the growing struggles, and the development of this 
lusty infant as it passes through adolescence to young maturity. 
The year 1915 marks the coming of age of this divisiQU of the Uni¬ 
versity of Missouri. At that time the state legislature enacted a 
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bill directing .that the School of Mines and Metallurgy “shall confer 
the bachelor of science and professional degrees in mining engi¬ 
neering, in metallurgy, in mechanical engineering, in electrical 
engineering, in chemical engineering, in civil engineering, and the 
degrees of bachelor and master of science in general science." Thus 
by official act of the legislature the School’s position as an institute 
of technology was confirmed. 

The last chapter is devoted to a summary and conclusions; 
a roster of graduates appears as an appendix. The omission of 
an index is not as serious a defect as might be thought because 
there is an extensive table of contents and topical index. 

The editors have ably performed a task of great magnitude in 
making possible this rather remarkable history. The Phelps County 
Historical Society has made a valuable contribution to the history 
of engineering education in this country. 



SECTIONS AND BRANCHES 

The Winter Meeting of the Middle Atlantic Section of the 
S.P.E.E. was held at The Cooper Union in New York City on 
Saturday, December 5, 1942. In spite of the difficulties of trans¬ 
portation, the meeting was very well attended. Registration 
showed 209 men present and 31 women. These figures showed a 
representation of 26 colleges in the Section and 13 industrial firms. 
Concurrent wdth the meeting of the Section, the Engineering 
Schools Librarians Committee of the Middle Atlantic Section held 
a special meeting during the morning session. 

The business meeting of the Section was opened 1by the Chair¬ 
man, Dean J, S. Morehouse of Villanova College. After his intro¬ 
ductory remarks, Dean Morehouse introduced tlie Director of The 
Cooper Union, Edwin S. Burdell. Dr. Burdell cordially welcomed 
the Section to Cooper Union and expressed the desire that the day 
spent there would be both pleasant and profitable. In his wel¬ 
coming remarks he indicated that the American colleges are facing 
certain vital facts and that serious attention should be given to 
their solution. Among these are: 

1. The drafting of all students regardless of professional standing. 

2. A few schools with dormitories will be selected by the Army 
and Navy for war training. He expressed regret that in this 
program the indications are that our schedules will be taken over 
completely by the military authorities. 

3. Ho regreted the tendency of colleges to lean more and more 
heavily on the Government for special grants and student funds. 
In accepting these grants, the colleges must be more and more 
influenced by the Government. He indicated that schools that ask 
for financial help must, as a result, take on more and more Govern¬ 
ment supervision. He felt that this Government control was 
rapidly being accelerated. 

4. He expressed a word of caution in regard to the problem of 
accepting women in the profession. He indicated that this might 
lead to ill will against the engineering colleges, since at the ehd of 
the emergency, a definite tendency would exist to discontinue the 
admission of women to engineering colleges. He therefore suggested 
caution in encouraging women to take engineering courses at the 
present time. In conclusion he definitely felt that we are facing a 
crisis at this time and a careful study of our progress is very vital* 

After Doctor Burdeir.s address, the Chairman called to order 
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the business meeting of the Section. The Secretary’s report of the 
Spring Meeting held at Princeton, New Jersey, was presented and 
accepted as read. The Treasurer reported a balance on hand, as of 
December 1, of $154.90. 

The Chairman read a letter from the National Headquarter.*? 
requesting that a delegate be appoint(?d to represent the Section 
on the National Nominating Committee. He named the following 
Nominating Committee to select a delegate for the Section: Pro¬ 
fessors Billings, Walter and Fraim. The Committee placed in 
nomination Dean G. F. Bateman, Cooper Union, who was un¬ 
animously elected. 

The next order of business was the election of the officers of 
the Section for the year 1943. The Nominating Committee, 
appointed at the Spring Meeting and consisting of Professor King, 
Dean Daggett and Professor Thatcher, placed the following mem¬ 
bers in nomination for offices for the year 1943: For Chairman, 
Professor Hale Sutherland, Lehigh; for Vice Chairman, L. A. 
Rittenhouse, Haverford; for Secretary-Treasurer, Frank D. Carvin, 
Newark College of Knginccring. Jhere being no further nomina¬ 
tions for offices, the Secretary was instmeted to cast a ballot 
electing the above candidates. 

Dean Bateman brought up the question of listing the members 
of the Section on addressograph plates. Since the membership 
includes some 700 individuals, it was felt that it would greatly 
help in arranging the meetings held by the Section to have their 
names listed on addressograph plates. After considerable dis¬ 
cussion, it was duly moved that the Treasurer be authorized to 
obtain addressograph plates of our membership. 

As a final item of business, the Chairman called on Doctor 
Scott for a few remarks on the activities of the ECPD in regard 
to the young engineer. Doctor Scott briefly reviewed the ac¬ 
tivities of his committee on accrediting and professional standing 
of engineers and the joint action of various engineering societies. 
He cautioned the Section against any decrease in emphasis on 
college accrediting during this war period. 

During the noon luncheon a special committee composed of the 
officers of the Section and the deans of the various colleges met to 
discuss a memorandum presented by Dean Newman of the College 
of the City of New York regarding the drafting of engineering 
.students. After considerable discussion the Committee agreed to 
present Dean Newman’s suggestions to the Section in the afternoon 
meeting. 

After lunch at the Hotel Holley, the group moved to Washington 
*^quare Park where Dean Bateman placed a wreath on a monument 
erected to the memory of Alexander L. Holley. The monument 
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features the following inscription "In Honor of Alexander Lyman 
Holley, foremost among those whose genius and energy established 
in America and improved throughout the world the manufacture of 
Bessemer steel, this memorial is erected by engineers of two 
hemispheres.” 

At the afternoon session the Chairman introduced Henry T. 
Heald, President of the Illinois Institute of Technology and Presi¬ 
dent of the Society for the Promotion of Engineering Education, 
who gave a talk on the topic, “Recent Developments in Army and 
Navy College Training Programs.” 

Dr. Heald reviewed the history of the engineering college execu¬ 
tives and government policies as they relate to full-time students 
since Pearl Harbor. He mentioned the conference of college presi¬ 
dents held in Baltimore, January 3 and 4, and a later meeting of 
the same group in July. He brought out the many changes in the 
status of Army and Navy recruiting since the inception of the war 
and featured a statement of policy issued by the Manpower Com¬ 
mission on August 20, selecting the following two points as sig¬ 
nificant: J. That all able-bodied male students are destined for the 
armed services; the nature of the training to be specified by the Army 
and Navy for their respective groups. 2. The Manpower Com¬ 
mission stated that it may be necessary to select draftees down to 
eighteen years of age, and any plan for student war training must 
take this possibility into consideration. The Manpower Com¬ 
mission also indicated that its division of professional and technical 
personnel, under the direction of Dr. E. C. Elliott, would function 
as a central agency to advise with Government departments and 
higher educational institutions regarding utilization of facilities and 
adjustment of educational programs within the war effort. 

During the past summer, the American Council on Education 
appointed a new committee on Relationships of Higher Education 
and Federal Government under the chairmanship of President Day 
of Cornell University. This committee offered its services to the 
Joint Army and Navy Personnel Board and the War Manpower 
Commission and this offer was accepted. 

On September 10 Secretary of War Stimson dropped a bombshell 
into the college world by announcing that enlisted reservists 
would be called to active duty at the end of the term in which 
they became of Selective Service age. At the same time the Navy 
indicated that it had no intention of making any radical changes 
in its announced college reserve plan. At a meeting of the American 
Council on Education Committee on September 17 and 18 careful 
consideration was given to developments to date as well as to 
information obtained from numerous conferences with represeuta** 
tives of the Army and Navy and other Government a^ncies. The 
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Committed recognized the need of an over-all plan for college 
training for military service and war industries, but concluded 
that the tactical situation made such a plan impossible at that 
time. The Committee formulated a plan for an enlisted training 
corps in the Army, Navy, Marine Corps and Coast Guard as follows: 
1. That a training corps for military service be established at 
designated colleges and universities, open to all male high school 
graduates or others of equivalent education over seventeen years 
of age, who meet competitive standards, up to quotas to be estab¬ 
lished by the respective armed forces. Selection of candidates for 
enlistment to be made by appropriate military authorities in co¬ 
operation with the institutions. 2. Enlisted candidates may exer¬ 
cise choice in the selection of an institution within limits of quotas 
and establishment of programs by the armed forces. 3. Enlisted 
candidates shall pursue year-round curricula extending four semes¬ 
ters or the equivalent in length agreed upon by proper military and 
institutional authorities. Upon completion of this basic training, 
they may be assigned for further professional and specialized 
training. 4. Enlisted candidates §hall receive base pay and sub¬ 
sistence while attending colleges "and universities as members of 
the corps. 

This plan was submitted to the War and Navy Departments 
and was made the basis for discussions in several conferences. It 
became clear that the military services were thinking primarily in 
terms of training for the technical and professional fields; such 
training to be abbreviated as much as possible. It was also 
apparent that there would be certain essential differences in the 
plans adopted by the Navy and Army; namely, that those men 
assigned to the Array plan would be selected after the completion 
of 13 weeks basic training, while those accepted for the Navy would 
be admitted directly from high school. More specific details of 
these new programs will be made public at an early date. 

The S.P.E.E., at a recent meeting of the administrative officem, 
authorized the appointment of a special committee to work with 
the armed forces. This committee, working with the American 
Council on Education Committee, has already submitted the names 
of a panel of more than 100 experts in the various fields of engi¬ 
neering from which the Army and Navy may choose consultants 
for the preparation of engineering curricula. In Dr. Heald's 
opinion the plans which are developing have considerable merit. 
They will, if properly op>erated, permit the selection of the country's 
best qualified young men without regard to financial resources and 
thus permit young men of superior ability to be trained for officers 
and specialists. This should adequately meet the needs of the 
military forces. 
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The requirements of war industries present another aspect to 
the problem. With the lowering of draft age to eighteen, nearly 
all of our engineering students will be in the Army unless Seloctive 
Service procedures are changed. The S.P.E.E., in common with 
several other engineering societies, has recommended that pro¬ 
visions be made for the deferment of properly qualified engineering 
students in their freshman year. This recommendation is based on 
the assumption that war industry will require a continuing supply 
of men with engineering training. National Headquarters of 
Selective Service have, as yet, taken no action on this problem. 
They are awaiting information from the War Manpower Com¬ 
mission. 

Dr. Hcald feels that this situation is crucial, as it seems ex¬ 
tremely unlikely that the demands of war industry can be met 
solelj'^ by the physically unfit or by the few wom?n we may be 
persuaded, to enroll in engineering courses. Certainly it seems that 
until it may be clearly demonstrated that war industry is not going 
to need young engineers, at least a reasonable number must be 
allocated for this purpose. In order to be really effective, such a 
procedure would probably involve th(^ establishment of an industrial 
training corps with definite quotas and definite responsibilities to 
be met by the institutions and by the students. Unless some such 
plan is put into operation in the very near future, the supply of 
engineers for war industry in 1943 and thereafter will be very small 
indeed. 

Dr. Heald finished his talk with the expressed belief that the 
engineering college will be able to make the adjustments necessary 
for the success of this or any program. In the discussions which 
followed the talk, Dr. Heald indicated that he judged that the 
program would be in full operation in June 1943. He felt that all 
engineering branches would have a place in the training program, 
and he felt that the program would require the use of all engineering 
schools. Also he intimated that all sophomore and freshmen in 
college would receive 13 weeks of training after being drafted. He 
indicated that war quotas of engineering trainees had not as yet 
been made and that this is dangerous since the Army and Navy 
are able to present their needs while industry has no say at present. 

The contemplated training programs will vary in length, aver¬ 
aging probably around six months of continuous training. The 
curricula of engineering colleges will be changed except in special 
cases. 

The American Society of Mechanical Engineers recently passed 
a resolution asking for a deferment of engineering students in their 
freshman year, but the whole manpower problem is dilBficult and 
confused at present. The resolution may require that all training 
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l>e placed on a quota basis, but at the present time industry would 
suffer since it has not been effectively represented. This is a weak 
position, and industry should put pressure on the Manpower 
Commission. 

Following Dr. Heald’s talk, Dean Newman of the College of the 
City of New York read a resolution which he asked that the Middle 
Atlantic Section of the Society for the Promotion of Engineering 
Education endorse and that the same be forwarded to the Man¬ 
power Commission. 

This resolution set up a program for the training of engineering 
personnel for both the armed forces, the war industries and for 
civilian services. The program recommended a technical training 
course not to exceed a total of 27 months. During this program 
students doing unsatisfactory college work would be dropped at 
the end of each semester and would become liable under Selective 
Service. The program also considered th(i allocation of students. 
After a short discussion of this resolution from the floor, Professor 
Reed made a motion that the Middle Atlantic Section of the 
S.P.E.E. pass a resolution to be fp^-warded to the Manpower Com¬ 
mission endorsing the resolutions of both the American Society of 
Mechanical Engineers and the American Institute of Chemical 
Engineers which had already been forwarded to the Manpower 
Commission and that a copy of Dean Newman’s plan be also 
forwarded to the Manpower (’ommission to support our resolution. 
This motion was passed by vote, if not unanimously. 

Dean Bateman of Cooper Union then recommended a change in 
engineering training curricula by suggesting a group of subjects 
Avithin blocks, each block being complete and separate within itself. 
He suggested three semesters of subjects, providing a fundamental 
scientific foundation in the first block. In the second block, three 
semesters of basic engineering subjects were recommended and in 
the third block, two semesters of departmental engineering special¬ 
ization. He estimated a probable distribution of trainees based on 
each and also suggested that women might be recruited and fit 
well into both the first and second block within this program. 

We next listened to an address by Lt. Colonel H. F. Schwabacher 
of the United States Army on the topic, “Replacement of Men in 
Industry by Women.” Colonel Schwabacher is connected with the 
manpower branch, Civil Personnel Division of the War Depart¬ 
ment. Colonel Schwabacher told the Section that the Army was 
facing a shortage of every-kind of personnel at both college and 
labor levels and endorsed the replacement of men by women within 
industry. He outlined what had been accomplished by both 
England and Russia in this matter. 

Colonel Schwabacher stated that the allocation of personnel is a 
serious problem, that certain work can be done only by men, that 
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combat service needs special physical capacity and that within the 
armed services 70 per cent are specialists. He said that he recog¬ 
nized that industry must also produce if the war is to be won .» The 
needs of the Army are not as yet known, but probably every 
physically qualified man above eighteen may be ultimately needed 
in the armed forces, and if such a man is not in the Army, he is 
merely loaned to industry, to society, or to his family. Colonel 
Schwabacher intimated that he felt that within the next year our 
industrial labor group would be increased by five million persons 
and the armed forces by between three and four million persons. 
These replacements must come from those who are not within 
industry at present, and women seem to be the solution. 

The Army normally thinks in terms of those below college 
level. Colonel Schwabacher indicated that both industry and the 
armed forces desire trainees from the lower blocks‘Of Dean Bate¬ 
man’s program. Pie said the draftees could be trained in four 
months if they are suitable timber and that at the present time 
within the .\rmy a platoon commander is being trained within 
nine months instead of six years. He indicated that engineering 
schools are virtually devoid of women. 

Colonel Schwabacher felt that if sufficient inducement were 
made to women to enter industry, that many would take advantage 
of a four, six or eight months’ training program intended to train 
them for engineering work. He felt that the money might prove 
attractive and that the matter might successfully be approached 
from the patriotic angle. He felt that unless some comprehensive 
training program for women is developed and carried out, it may be 
necessary to deplete our armed forces and that that situation would 
not be healthy. 

A third talk was given by C. Wilson Cole, Supervisor of the 
Engineering Personnel Bureau of the Curtiss-Wright Corporation, 
in which he outlined their program for the training of women for 
technical positions within industry. Pie presented a brochure, 
copies of which were placed in the hands of each individual present, 
outlining this program. The program endeavors to recruit young 
women from women’s colleges and other walks of life to enter a 
special engineering training program of ten months duration. These 
trainees will be sent to seven selected colleges and will receive a 
salary from the Curtiss-Wright Corporation during their training. 

Mr. Cole expressed the thought that girls completing ESMWT 
courses are not the full answer to industry’s needs and stressed the 
fact that, for many purposes, additional engineering training is 
absolutely required. He said that both the armed forces aind 
industry are moving toward vocational training and^that schools 
must assume their responsibility in this training program. 
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During^ the discussion which followed Mr. Cole’s talk, Dean 
Disque of Drexel Institute suggested that, in his opinion, a slight 
modification in the ESMWT program is all that would be required 
to solve the woman training program and this modification is, 
namely, that institutions should be fully compensated for the cost 
of carrying on this program. 

The minutes of the afternoon session were taken by Professor 
fl. E. Walter of the Newark College of Engineering in the absence 
of the Secretary. The meeting adjourned at 5:10 p.m. to be re- 
(‘onvened at the dinner held at the Hotel Breboort. 

At the dinner meeting of the Section, attended by the men and 
women of the Section, Chairman Morehouse introduced Dr. Gano 
Dunn, President of The Cooper Union, as the speaker of the 
evening. Doctor Dunn spoke on some of the general problems of 
education. He stated that during the course of a year one person 
in four hundred thousand who had been educated must die. Also, 
some two and one half million people are bom each year. It is the 
purpose of education, therefore, to make up the loss in our educated 
personnel due to deaths during t^e year and to educate the new 
born. He emphasized the fact that education must be real both 
in formation and in its functional aspects. There must necessarily 
be a proper balance between these two. 

He spoke briefly on the effect of so-called social security. Indi¬ 
cations are that increased emphasis on social security are both 
good and bad for people. As long as social security is not used to 
dull the incentive element in our lives, most of its effects are bene¬ 
ficial. He mentioned the fact that production is the basis of all 
wealth and happiness and that people need to be educated to realize 
that wealth is obtained through production and not someone’s 
profit based on some other person's loss. We should continue to 
stress the humanities in our engineering education. He cautioned 
against the ill effects of subsidies from the governments and the 
effect on our educational policy. He emphasized the fact that we 
must continually keep control of changes in our educational policies 
and curricula. He ended his remarks by expressing the pleasure 
of Cooper Union in entertaining the Section as its guest. 

At the conclusion of the meeting, Chairman Morehouse expressed 
the appreciation of the Section to Cooper Union for its excellent 
hospitality. The arrangement of the meeting and the preparation 
of topics and speakers was excellent. Both the luncheon and dinner 
meeting were very well planned. It was the general consensus 
that the Cooper Union meeting was one of the most pleasant and 
instructive meetings presented by the Middle Atlantic Section. 

Frank D. Carvin, 

Secretary 
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Harold Monroe Raymond, president emeritus of Illinois Institute 
of Technology, died at his home in Grass Lake, Michigan, January 
24, 1943, at the age of 70. 

The second president of Armour Institute of Technology, Dr. 
Raymond, served from 1922 until 1932 as its executive. Upon his 
resignation in 1932 because of impaired health. Armour Institute 
elected him president emeritus. With the merger of Armour and 
Lewis Institutes in 1940, he was subsequently elected to the honor¬ 
ary position of president emeritus of Illinois Tech. During his 
thirty-seven years of active duty at Armour he was successively 
instructor, associate professor and professor experimental physics, 
principal of the Armour Scientific Academy (discontinued in 1903), 
director of evening classes, and dean of engineering. After the 
death of Dr. Frank W. Gunsaulus in 1921 he became acting presi¬ 
dent; in 1922 he was elected president. 

Dr. Raymond was graduated from the University of Michigan 
with the degree of bachelor of science* in engineering in 1893. After 
graduation he was employed in the engineering department of the 
Rockford Electrical Manufacturing Company, where he remained 
for a year. He then returned to Michigan for graduate study. In 
1895 he was appointed as an instructor at Armour then in its second 
year. 

He was a member of Tau Beta Pi, national honorary fraternity, 
a fellow of the American Association for the Advancement of 
Science, a member of the Societ}'^ for the Promotion of Engineering 
Flducation. He served as editor-in-chief of the Cyclopedia of 
Modern Shop Practice, the Cyclopedia of Engineering, and the 
Cyclopedia of Mechanical Engineering. 



TESTING 



NOTHING TO IT 


H ERE’S how the G-E supercharger 
works —k la Hollyw'ood, 

In Warner Brothers’ “Desperate Jour*-' 
ney,” a Nazi officer asks a captive 
American flyer, "How do you manage 
to supercharge the engines at the ex¬ 
treme cold of these high altitudes?" 

Johnny, the prisoner (played by 
Ronald Reagan) is crafty. He stalls a 
bit and then, assured that no one can 
overhear, he whispers, “It’s done with 
a thermotrockle.’ 

“A what?” The awed Nazi leans 
closer. 

“A thermotrockle amfilated through 
a daligoniter,” explains Johnny, be¬ 
ginning to sketch with his left hand. 

“You see, the dornadyne has a 
hcnicouplin^ and the amacmeter pren- 
ulatcs the kinutaspel hepulace—here - 
and the—.’’ 

All of which thickens the plot, con¬ 
fuses the Nazi, and ^ives Johnny an 
opportunity to slug his guard and es¬ 
cape—without revealing a single mili¬ 
tary secret. 


B ack when Herbert Hoover was in 
the White House, four specimen 
rods of an alloy steel used in steam tur¬ 
bines were imprisoned in a thermo¬ 
statically controlled electric furnace at 
one of the G-E laboratories. 

The purpose was to study the effect 
on the metal of prolonged high tem¬ 
perature and stress, in order to improve 
the design of the turbines. 

Usually these “creep" tests are run 
for only 1000 to 3000 hours, but the 
engineers never took these four speci¬ 
mens out of the furnace until the other 
day—thus obtaining what they believe 



to be the first data based on a 100,000- 
hour test. 

In the event of trouble during the 
test, a red light would flash and a bell 
would ring, summoning a watchman 
who could get one of the engineers out 
of bed to remedy the situation. 


GENERAL 
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Ronald Press Announces 

THREE NEW BOOKS 

ON AVIATION 

AIRCRAFT ELECTRICAL SYSTEMS 

By William F. Jorcliy Instrueior in Aircraft Electrical Syslemsy Army 
Air Corps Training Detachment, Roosevelt Field, Mineola, L. /. 

This new presentation of usable information covers what the mechanic 
requires to service electrical equipment. It includes all necessary knowl- 
edao, omits non-essentials, and has been thoroughly tested in the instruction 
of hundreds of men. Covers: Test Ekiuipment ancl Instruments. Symbols. 
Generators. Control Panels. Batteries. Starters. Ignition. Wiring. 

72 illustrations, diagrams, charts; 222 pages.New Book, $3.00 

AIRPLANE HYDRAULIC SYSTEMS 

By Hugh C. Aument, Jr., Instructor in Airplane Hydraulics, Rttoseveli 
Aviation School, Mineola, L. /. 

A MANUAL OF OPERATION AND MAINTENANCE. It is specially 
developed to meet the requirements of airplane mechanics, is based on the 
authors experience as instructor, and is the first book aimed directly at 
such a student group. Covers: Hydraulic Principles, (Component Units 
of Systems, The Typical Hydraulic Systems, Inspection of Maintenance, 
(^estions and Answers. 81 illustrations; 130 pages. . .New Book, $2.25 | 

AIRCRAFT ELECTRICITY 

By Norman J. Clark, Eleclrieal Engineer, Lievdenant ijg), U.S.N.R. 
Howard £. Corbitt, Electrical Engineer, Lock!teed Corporation 
For electricians and wiremen with practical shop questions, for designers, 
and electrical engineers. This book is suitable for group training,^ or for 
individual study and reference. Covers: Theory. Symbols. Circuits. 
Wiring Diagrams. Conduit Layout. Bonding and Shielding. Compass 
Deflection. Inspection. Protection. Lighting. Motors. Relays. 256 
illustrations, 350 pages. Second Edition, Revised, October i9b2 .$3..50 

FOR OTHER SPECIAL TRAINING =ss=ss=^^ 

ENGINEERING DRAWING, by Uen Marr Sahaa 

Professor of Machine Design and Drawing, Alabama Polytechnic Insti¬ 
tute. ISO assignments, 360 figures; 437 illustrations; 394 pages. .$ 2.75 

BLUEPRINT READING, A Viaualixad Method, by Arthur A. Dick, M.A. 

Chairman, Industrial Arts Dept., Sparrow Point H. S., Baltimore 
County, Md. 173 illustrations; 157 pages.$2.40 

accounting FUNDAMENTALS, For Enginaaring Coursas, by Richard 
E. Strahlam, C.P.A., Ass’t Prof., General Engineering, Purdue University. 
Laboratory and Practice Set, $ 1 . 25 . . . . Book, 365 pages, $ 3.50 

^(pw Available, Complete Catalog of Books 

THE RONALD PRE$S COMPANY 

16 East 2eth Street New York, N. Y. 
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T o WIN A WAR, we muat Imve 
hardened steel gears, pinions, 
and other parts that can take a ter¬ 
rific beating—and keep on going. 

All steel is basically a mixture of 
iron and carbon. To bring out its 
stamina and strength, steel must be 
heat-treated at high temperature. 

But the carbon in steel is a fugitive 
thing. When exposed to highly 
heated air, carbon literally “boils 
off” the metal. The steel surface gets 
softer through loss of carbon. 

The 'problem, in heat-treatment is to 
keep fugitive carbon on the job—in 
the steel surface -where maximum -wear 
and strain occur. 

Fortunately, Westinghousc En¬ 
gineers tackled this problem years 
ago. They developed an “artificial 
atmosphere” in heat-treating fur¬ 
naces that would not rob steel iS$ its 


fugitive carbon—that left hardened 
steel parts dean and free of scale. 

It is known as the Westinghousc 
**Endogas” Balanced Atmosphere. 
It is made from inexpensive natural 
or manufactured city gas—in a self- 
contained mixing chamber which is 
simple and easy to operate. 

And the balanced atmosphere in 
the “Endogas** Furnace may be 
varied, at will, for heat-treating 
practically any kind of steel —by 
changing the proportion of fuel gas 
and air in the mixing chamber. 

Today, Westinghousc “Endogas" 
Furnaces are heat-treating vast 
quantities of gears, cams, dies, and 
other steel parts. They are setting 
the pace as America’s astonishing 
war-production shifts into high. 

Westinghousc Electric & Manu¬ 
facturing Company, Pittsburgh, Pa. 


Westinghouse ® 
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Something for you to do, afterward? 

A MISSAGI TO MIN ON COLLIGI CAMPUSIS » 

At no time in all the years we have been the confidant of young 
men approaching a career have we been so sure of the opportunity 
implicit in your future. 

Today, your campus may not be of your own choosing. Your 
courses, your schedules almost all are pointed toward immediate 
necessity. Your career is set. 

Have you a true conception of how much your special training 
means to your country? To Victory? 

We think you do. But, honestly, don’t you catch yourself 
wondering whether there is really going to be something for you 
to do, afterward? Are you sometimes in doubt of wTiat’s to come 
after NOW? 

We say to you; There is a world to be made anew. 

That world is going to offer you creative opportunity surpass¬ 
ing anything we old-timers have ever seen. You are going to have 
tools and materials and knowledge to work with such as no 
generation ever had. 

We think you are going to find not only a country, but a whole 
world, waiting for your talents. 

And we know that in this country you are going to find a 
point-of-view throughout industry which is a new thing under 
the sun. Already countless leaders in industry are laying plans 
which are based on flat acceptance of the principle that their 
first responsibility, after all-out production for war, is to make 
postwar jobs. 

We at Alcoa are one group of such men. We are Imagineering 
now, for you. We intend to do everything we know how to make 
aluminum make jobs, whether they may be with us, or in a 
thousand other industries which will be using Alcoa Aluminum 
when it is again available. 

Wherever you are in service, you will surely be in, or around, 
or supported by, American airplanes. Will you remember two 
things: They are made largely of Alcoa Aluminum. Andf the folks 
who make that metal are even now Imagineering for your future. 

A PARENTHETICAL ASIDE: FROM THE A UTOBIOGRAPHY OF 

ALCOA ALUMINUM 

• This message is printed by Aluminum Company oi 
America to help people to understand vAmt tee do and 
loftoi sort of men make aluminum grow in usefi^aM* 
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A COMPLETE 


PRINTING 

SERVICE . . . 

• Good printing does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 

f 

composition, printing and binding, is at your 
disposal. For over sixty years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 
languages. Consult us about your next job. 

PRINTERS OF THE 

JOURNAL OF BNOINEERINO EDUCATION 

LANCASTER PRESS, Inc. 

PRINTERS . BINDERS , ELECTROTYPERS 

ESTABLISHED 1377 LANCASTER, PA. 
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OOOD BOOKS ARE ON TM E 
MARCl-f from your book¬ 
shelves fo our figHting men. 

Get. them out-leave them at 

the nearest collection center 
or public library for the 1943 
VICTORY BOOK CAMRAIGN. 





NEW WILEY BOOKS 


Ready in April 

Geodetic Control Surveys 

By H. O. SHARP, Profeasor of Geodesy and Transportation Engineering, 
Rensselaer Polytechnic Institute. 

Intended to familiarize the engineer with the survey methods and computations 
necessary in making precise control surveys and state plane coordinate systems. 
The book gives both fundamental theory and practical applications. 

Second Edition: Approx. 160 pages; 8} by 11; Probable price, $4.M 

Stream Flow— 

Measurements, ReiMirds and Their Uses 

By N. C. GROVER, Chief Hydraulic Engineer {Retired), U. S. Geological 
Survey, and A. W. HARRINGTON, District Engineer, U, S. Geological 
Survey. 

Presents the instruments, equipment and practices of measuring, computing and 
recording stream flow. It also shows the relation of the records of stream flow 
to problems of development and operation and to regional stability. 

Apmox. 360 pages; 6 by 0; $4.00 

High Frequency Thermionic Tubes 

By A. F. HARVEY. 

An account of the properties and behavior of thermionic tubes and their relation 
to tliose of the associated electric circuits, with an indication of their practical 
application to high-frequency problems. 

344 pages; 6t by 8i; Probable price, 64.06 

Basic Electricity for Communications 

By W. H. TIMBIE, Professor of Electrical Engineering and Industrial Prac¬ 
tice, Massachusetts Institute of Technology. 

A presentation of the fundamentals of electricity that leads logically to their 
application in problems of communications and radio. Excellent for ESMWT 
work. The first twelve chapters develop the fundamental principles; the 
remainder of the book covers the appliances and how they operate. 

Approx. 678 pages; 6) by 81; Probable price, 63.00 

Alternating Current Circuits 

By R. M. KERCHNER, Professor of Electrical Engineering, Kansas Stati 
Cottbge, and G. F. CORCORAN, Professor and Chairman of the Electrical 
Engineering Department, University of Maryland. 

A modern and thoroughly revised approach to the subject of alternating-current 
theory and practice. The book is designed for use in basic semester courses in 
tbe subject as offer^ by most engineering colleges to junior electrical engineering 
students. Second Edition: Approx. 801 pages; 0 by 0; Probable price, 68.00 

r 

Mathematics for Machinists 

By R. W. BURNHAM, Principal, Haaren High School, New York City. 

Designed to present machine shop calculations simply, with sufficient explana¬ 
tion of the working of the machines concerned to enable the machinist to under¬ 
stand them. New ways of applying the principles are given. 

Second Edition; Approx. 381 pages; 4{ by 7; Probable prtce, 61.78 

• JOHN WILEY & SONS, INC. • 

440 Fourth Avmiue Now York, N. Y. 
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VAN NOSTRAND TEXTS 

In Elemnntaiy and 

New Third Edition 
ESSENTIALS OF DRAFT¬ 
ING 
Svensen 

irnuBuaUy eflPectivo methods of explana¬ 
tion—coupled with lartte, clear “self- 
teaching" illustrations—have produced 
this concise treatment, from which the 
student can master and learn to apply all 
the fundamentals, even in a short course 
and in limited hours. 

(To be published in late April 1043) 

ENGINEERING DESCRIP¬ 
TIVE GEOMETRY 
Rowe 

This effective application of the Direct 
Method treats every problem as a spatial 
relationship, and solves it directly on the 
drawing board without using ground lines 
or folding lines. It docs use, however, 
planes of projection, and it includes a 
chapter on the Mongean Method. 

299 Pages Cloth $2.50 

Second Edition 

DESCRIPTIVE GEOMETRY 

Smuts and Gingrich 

The simple open figures, which are ob¬ 
tained by the Auxiliary Plane method of 
solution, are particulorly helpful to the 
student. Pictorial views arc frequently 
used side by side with corresponding 
orthographic representations, to aid visu¬ 
alization. 

237 Pages Cloth $2.50 

FLUID MECHANICS 

Cox and Germano 

Down to the last detail, this text has Ijcen 
planned for present-day needs. It fur¬ 
nishes the material required in chemical, 
mechanical and other branches of engi¬ 
neering, as well as civil engineering. It 
covers gases as well as liquids, and it is 
outstanding for its treatment of viscosity 
and dimensional analysis. 

274 Pages Cloth $3.00 

ENGINEERING THERMO¬ 
DYNAMICS 
Ebaugh 

The essential elements of thermodynamics 
as it applies to industrial equipment and 
processes are clearly presented, covering 
steam power engineering, internal com¬ 
bustion engines, heating, ventilation, and 
air conditioning. 

208 Pages Cloth $2.86 


FOR TODAY'S NEEDS 

General Courses 

Third Edition 

DESCRIPTIVE GEOMETRY 
Schumann * 

This text emphasizes the practical ap¬ 
plications of the problems, which are used 
most effectively to teach space visualiza¬ 
tion, and to develop engineering and 
architectural ability. It covers the fun¬ 
damentals of problems on points, lines, 
planes and solids l)oth from the old 
method of plane traces, and the newer 
Direct Method. 

330 Pages Cloth $2.75 

Sficond Edition 

DESCRIPTIVE GEOMETRY 
PROBLEMS 
Schumann and Lee 
Over twelve hundred b^sic and practical 
problems laid out on an excellent quality 
of drawing paper. They cover points, 
lines and planes; curv^ lines; single 
curved surfaces; w'arped surfaces; double 
curved surfaces; intersections and de¬ 
velopments. 

106 Pages Loose-Leaf Binding $2.00 
Second Edition 

THERMODYNAMICS: A 
COURSE DEVELOPED FOR 
STUDENTS IN ENGINEERING 
COLLEGES 
Everett 

This text places consistent emphasis upon 
the fundamental principles of the subject; 
and at the same time, it develops clearly 
the many engineering applications. It is 
sufficiently broad in scope to cover all 
fields in which tliermodynamics is a fun¬ 
damental science. 

466 Pages Cloth $3.75 

TRANSMISSION NET¬ 
WORKS AND WAVE 
FILTERS 
Shea 

The material in this book was originally 
organized for use in courses at the Boll 
Telephone Laboratories. It was further 
revised for presentation at Massachusetts 
Institute of Technology. It presents 
fully the calculation and design of tele¬ 
phone networks and wave filters, based 
upon a comprehensive treatment that 
reflects the contributions of systematic 
anfdysis. 

487 Pages Cloth $6.60 


Send for examination copies on approval 

D. VAN NOSTRAND COMPANY, Ine. 

250 Fourth Are., N. Y. 
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NEW TEXTS FOR WAR TRAINING COURSES 

★ ★★★★★ ★ ★ ★★★★★★★★★★★★★★ 


Th* Naval Officar't Guida 

By A. A. AOETON, Commander, U. S. 
Navy. 514 pages, S3.00 

Radio MaEoriol Guido 

By F. E. Almstbad, Lieut., Naval 
Reserve Training School, Noroton 
Heights, and F. R. L. Tuthill, 
Lieut. Comdr. U. S. N. R. In press 
—ready in April 

Laboratory Manual in Radio 

By F. E. Almstead, G. K. Stone, 
N. Y. State Education Department, 
and K. E. Davis, Senior High School, 
Oceanside, N. Y. 140 pages, 80fi 

Enginooring Problems lllusEral- 
ing MaEhemaEics 

By T. W. Cell, North Carolina State 
College. In press—ready in April 

Technique of Production 
Processes 

By J. R. Connelly, Lehigh Uni¬ 
versity. 430 pages, S4.00 

industrial Production Illustration 
for Students, Draftsmen and 
Illustrators 

By R. P. Hoelscher and C. H. 
Springer, University of Illinois, and 
R. F. POHLE, Major, Rock Island 
Arsenal. 240 pages, U.50 

Piloting and Maneuvering of 
Ships 

By L. M. Kells, W. F. Kern and J. 
R. Bland, U. S. Naval Academy. 
200 pages, $2.00 

Navigation and Nautical 
Astronomy Simplified 

By L. M. Kells, W. F. Kern and 
J. R. Bland. In press—ready in 
April 

Send for cop 


Marine Engineering 

By J. M. Labbbrton, New York 
University. 441 pages, $4.00 

Blueprint Reading for the 
Shipbuilding Trades 

By A. E. Nibderhoff, Senior Struc¬ 
tural En^eer for U. S. Army Engi¬ 
neers. In press—^ready in April 

Elementary Mathematics for the 
Machine Trades 

By J. J. Weir, formerly of Wm. L. 
Dickinson High School, Jersey City. 
192 pages, textbook edition, $1.60 

Metallurgical Problems. New 

second edition 

By Allison Butts, Lehigh Uni¬ 
versity. 437 pages, $4.00 

English for Engineers. New 

fourth edition 

By the late S. A. Harbarger, and 
A. B. Whitmer and Robert Price, 
The Ohio State University. 225 
pages, $1.75 

Principles and Practice of Radio 
Servicing* New second edition 
By H. J. Hicks, Hadley Vocational 
School, St. Louis, Mo. 387 pages, 
$3.50 

Industrial Electricity and Wiring. 

New third edition 
By J. A. Moyer, State Director of 
University Extension in Massachu¬ 
setts, and J. F. Wostrel, formerly 
of University Extension in Massa¬ 
chusetts. 535 pages, $2.75 

Elementary Electricity. New 
second edition 

By E. P. Slack, Polytechnic Insti¬ 
tute of Broeldjm. 305 p^es, $2.00 

I on approval 


McGRAW-HILL BOOK COMPANY, Lie. 

330 West 42nd[ Street New IQprk, N. Y. 
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50TH ANNIVERSARY MEETING, CHICAGO, 

JUNE 18, 19, 20, 1943. 

At a raoineat wlien all attention focuses on the winning of the 
war and the greatest possible utilization of the nation’s resources 
for the earliest conceivable accomplishment of that all desirable 
end, it is particularly fitting that the S. P. E. B. should hold its 
fiOth Anniversary Meeting in Chicago, the city of its origin. It is 
(Chicago today that in its war production typifies all that the 
S. P. E. E. stands for. In the unparalleled diversity of its war 
output, Chicago, more than any other city in the country, is proving 
what can be achieved when mechanical genius and education are 
put to the test. 

Chicago has always been famed for the wide range of its in¬ 
dustry. In peacetime, more than 9,000 different factories made it 
the output center for the great«^St variety of manufactured wares 
of any metropolitan area in the world. Prom its shops in good 
years poured a mass industrial volume frequently exceeding $6,- 
000,000,000 in value. In its army of skilled and semi-skilled labor, 
it possessed the nation’s most valuable reservoir of manpower. 

It has taken the war, however, to prove the real elasticity of 
Chicago industrial greatness. Today, according to official state¬ 
ments by the Army, the Chicago area not only is turning out the 
widest variety of materiel required by Uncle Sam’s fighting forces, 
but it is the only district in the country that is producing every 
single item on the almost unending list comprising the needs of the 
Ordnance Corps. 

While Detroit is leading in production of tanks, trucks, jeeps and 
all that goes into Uncle Sam's automotive efforts; while Los Angeles 
and other coast cities have the edge in aircraft manufacture; and 
while Philadelphia heads the list in building naval craft; Chicago 
is making some of each of these important categories and thousands 
of others. 

Chicago to date has received more than 5 % billion dollars worth 
of war contracts and subcontracts. Peacetime factories have been 
converted in many cases into 100 per cent war plants. Great new 
war plants such as those of Buick, Studebaker, Chrysler, Douglas 
Aircraft, American Torpedo, Aluminum Corp. of America and 
Bendix have been located in Chicago and put on a full scale oper¬ 
ating basis. And without having to follow the example of other 
cities and go afield for its labor, Chicago has placed 700,000 of its 
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50th anniversary meeting, CHICAGO 



WACKER DRIVE 


Skirting the south bank of the Chicago River is Waeker Drive, the first 
well known two-level street in Ajiieriea. Utilization of two levels has done 
much in solving the unusually heavy traffic problems wliich might otherwise 
beset this busy spot on Chicago’s Lake Front where the Michigan Avenue 
Bridge connects tlu; city’s north and south sides. 

The London-Liverpool Building in the immediate left foreground is lo¬ 
cated on the site of Fort Dearborn, original settlement of Chicago. 


own men and women into war production jobs, without any marked 
ill effects to its esisential consumer industries. 

Briefly, Chicago has taken on one of the world’s biggest war jobs, 
and it has taken it in stride mainly because in its 20 diversities, 
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colleges and technical schools, in its long encouraged system of ap¬ 
prentice and inservice training, and in its leadership in developing 
new courses of education to fit white collar workers, housewives and 
physically rejected men and women for war work that have been 
copied by scores of other cities, it has, in war as in peace, applied 
sound engineering and engineering educational methods to its 
immediate j)rohlpms. 



STATE STBEET—THE MAIN STREET OF THE NATION 


Dozens of great (ipi)avtiiiciit stores, specialty shops, theaters, hotels, and 
other great coniniorcial estabUshnieiits border State Street, Chicago's great 
retail center, whose buyers come from every section of the country. 

Forgetting the unusual conditions precipitated by the war and 
looking at (.'hicago from a more normal viewpoint, the 3,000 square 
miles comprising the C'hicago industrial area loom up a territory 
of huge steel mills, meat packing plants, machinery manufacturers, 
petroleum refineries, railrqad ear shops, chemical plants, and found¬ 
ries—^the basic industries forming the very foundation of American 
economic life. 

In the aggregate its factories account for 8 per cent of the na¬ 
tion’s manufacturing activity, although the population is only 4 per 




574 


50th anniversary meeting, CHICAGO 


cent of the country’s total. The concentration of capital goods pre- 
duction is indicated by the fact that this area makes nearly one- 
fifth of the nation’s rolling mill and steel products, 13 per cent of 
the electrical machinery, 27 per cent of the railroad cars, and re¬ 
fines 8 per cent of the nation’s oil. 

Chicago’s stockyards and packing plants have been a magnet 
drawing thousands of visitors to Chicago for many years. The 
city’s half-billion dollar meat packing indastry handies and pro¬ 
cesses a tremendous numbei* of animals. In 1940, for example, the 
slaughter of cattle under federal inspection totaled 1,358,248 head, 
while the hog slaughter Avas 5,692,010 head. Figures for calves and 
for sheep and lambs were 345,122 and 2,287,101 respectively. The 



FIELD MUSEUM OF NATURAL HISTORY 


Here on Chicago’s Lake Front there .awaits the visitor to Chicago one of 
the world’s most complete exhibits of anthropology, zoology, botany and 
geology. Collections from all over the world of the prehistoric and modern 
make Field Museum a mecca for millions annually. The exploration parties 
continuously sponsored by the institution have left their footprints in every 
section of the globe. 

total for all livestock was 9,682,481 head. The iiacking plants 
themselves are models of efficiency. Research has developed hun¬ 
dreds of by-products, so that there is virtually no waste in the 
packing processes. 

The railroad picture is fully as spectacular as that for the meat 
packing industry. There are 7,850 miles of railroad track in the 
Chicago industrial area alone. This is greater than the mileage 
in 39 of the 48 states, and is approximately equal to the total miles 
of track in all of New York State. Twenty-two trunk line rail¬ 
roads operate passenger and freight lines from Chicago, and, in 
addition, there are 15 belt and terminal railroads serving the city. 
Each day 369 through passenger trains enter or leave Chicago. 

The significance of water transportation is indicated by the rec¬ 
ord of Chicago district lake traffic and the traffic on ♦he Illinois 
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waterway which is said to be more than the traffic passing through 
the Panama Canal. Transatlantic vessels come direct to Lake 
Michigan ports via the St. Lawrence and the Great Lakes, while the 
new Illinois deep waterway provides a direct link with the Gulf 
of Mexico via the Illinois and the Mississippi Rivers. 

In major lines of industry Chicago rivals Pittsburgh as a steel 
(!enter, produces almost every known type of machinery, including 



MICHIGAN BOXJLEVAED—CHICAGO’S FAMOUS FRONT DOOR 


Few streets throughout the world are better known than Chicago’s Michi¬ 
gan Boulevard with Lake Michigan and many of Chicago’s famous parks and 
museums lining one side of the avenue and a typical cross section of the 
city’s skyline furnishing the background on the other side. 

the country’s biggest output of diesel engines; is America’s prin¬ 
cipal source of communicatioin equipment; outranks every other 
city in variety of furniture output, with 600 factories and 20,000 
workers; tops $100,000,000 annually in the value of its textile 
manufacture; and leads in the variety and craftsmanship of its 
printing establishments. With its propinquity to so many sources 
of raw material and to the latent wealth embodied in the waste 
available from its packing plants, oil refineries and great industries, 
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it is only logical that Cliicago should also he a major factor in the 
field of chemical manufacture. 

Chicago can attribute its industrial preeminence not only to its 
strategical location, its climate and its development of the \TOrld’s 
outstanding transportatioiii network, but also to the foresight of its 
own citizentry. In its zoning ordinances, Chicago has always made 
ample provision for the creation of new manufacturing areas; in 
its public utilities it has been blessed with plentiful and economical 
power; in its program of public education it has given all encourage¬ 
ment to vocational training; and in its labor record it has kept its 
feet reasonably on the ground. Despite a few flare-ups, Chicago’s 
average of lost-time strikes during the past decade has been almost 



(KOSENWALD) MUSEUM OF SCIENCE AND TNDUSTBY 

Here preserved in CLicago for all time, in the famous Fine Arts Building 
of the Columbian Exposition of 1893, is being assembled the graphic history 
of man’s technical developments. Typi<‘al of these exhibits is a r<‘al coal 
mine in actual operation. 

50 per cent less than that of other industrial centers about the 
country. An intelligent municipal administration has cooperated 
in making the most of these many community assets. 

For the visitor more interested in entertainment or cultural 
diversion than in the more prosaic economical conditions that have 
helped to make them possible, Chicago offers so many different at¬ 
tractions that it is no wonder that it won recognition as America’s 
most popular convention meeting place. There is constant op¬ 
portunity to see something new or unusual. 

At the head of most visitors’ lists as places to be seen are mu¬ 
seums, and no one should miss the world famous institutions of 
which Chicago justfiably is so proud. Let’s take the Field Mu¬ 
seum of Natural History as an example. This great marble palace 
at the southern end of Grant Park is devoted mainly to anthro- 
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polojyy^ botany, {i’eolowy, and zoo]o«: 3 \ IVIore than a million persons 
visit it eaeh year. One of its latest attractions is "‘llurwa and his 
daily x-ray." Hurwa is a mummy now, but some 2,800 years ago 
he was a minor official in Egypt. Still in his mummy wrappings, 
Ilurwa stands behind a fluoroscopic screen and his ancient insides 
are projected on the screen by means of powerful x-rays. Other 
popular features at the Field Museum are the lifelike habitat 
groups of men and animals of other ages and civilizations. 

Close by the Field Museum are the Adler Planetarium and the 
Shedd Aquarium. The planetarium, a rarity and one of the few of 
these unusual places iji the entire world, reproduces the sky as of 



SHEDD AQUARIUM 


Newest and most eoinplete aquarium in the world, with more than ten 
thousand specimens, ranging all tlie way from the walking fish of Africa to 
the weirdest exhibits of deep sea life, Shedd Aquarium, another of Chicago’s 
great Lake Front institutions, has a visitor list of more than one million 
persons annually. 

aiij’^ day, season, or j^ear. The heavenly bodies move along in their 
regular paths, and by speeding up the machine the movements that 
would require a flaj--, a year, or even many years, can be shown in 
a few minutes. 

The Shedd Aquarium, a $3,000,000 specially-designed building, 
contains one of the fineist aquatic collections in the world. Strange 
fish from everj’^ quarter and ranging from tiny sea-horses to giant 
sharks and turtles are brought to Chicago in a custom-built railroad 
ear. 

The Art Institute of Chicago is the second largest art museum in 
the country. On the far south side of Chicago is the Vanderpoel 
Art Gallery featuring American jiainters and sculptors. 
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To S. P. E. E. visitors one of the most entertaining museums to 
be found is the Museum of Science and Industry, located in Jackson 
Park in an architectural masterpiece dating from the 1893 World’s 
Fair. Many of the exhibits can be operated by the visitor, hiipself, 
to demonstrate workings of mechanical devices or to perform basic 
experiments in physics. Among the major attractions are an oper¬ 
ating coal mine, a million-volt surge generator, a complete rainia- 



OHICAGO’S FAMOUS GOLD COAST 


Here, stretching northwiird from the city's Loop along the shores of Lake 
Michigan, is shown Chicago’s famous Gold Coast, residential area of many 
of the Middle West’s most wealthy families. 

ture railroad, a foundry, and many other exhibits covering physics, 
chemistry, agriculture, medicine, dentistry, pharmacy, transporta¬ 
tion, civil engineering, and the graphic arts. 

History is rather dry stuff under most circumstances, but not 
the way it is presented by the Chicago Historical Society in its 
handsome building located in Lincoln Park not far from the Loop. 
Through visual presentation in thirty-eight rooms it is possible to 
behold the most important periods in American history. The col¬ 
lection of relics is excellent, particularly the Lincoln collection, and 
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included the actual anchor from Christopher Columbus’ flagship, 
the Santa Maria. 

The S. P. E. E. will meet in Chicago at a moment when the 
opportunity to enjoy the city’s almost boundless outdoor attractions 
is at its best. A system of public parks reaching into every corner 
of the community and linked together by a 210 mile network of 
boulevards, the 34,000 acres of Forest Preserve encircling the city 
and including in their expanse of native woodland, rivers and 
lagoons the last word in potential enjoyment for the nature lover, 
the famous Brookfield and Lincoln Park Zoos and the equally 
storied Garfield and Lincoln Park floral conservatories, big league 
baseball, horse racing, outdoor musical entertainment, and the 
never to be forgotten street scenes in Chicago’s unique foreign 
villages like Chinatown and the Ghetto—all offer a possibility for 
combining what promises to be an unusually interesting convention 
with an equally interesting and enjoyable vacation. 

Theaters, nationally known radio stations, great metropolitan 
newspapers conducting regular tours for visitors, State Street with 
its well known department stq^res living up to its reputation as 
the “Main Street of the Nation,” the Chicago Board of Trade 
and the Chicago Stock Exchange—^they all await the S. P. E. E. 
delegates. And to top it off, there will be Lake Michigan, with 
its sandy beaches and lakefront boulevards stretching for 29 miles 
along the city’s easterly border and its many convenient possi¬ 
bilities for bathing, yachting and fishing, proving why Chicago is 
often called America’s greatest inland playground. 

True enough, Chicago in wartime may seem to have foregone 
some of its previous color and you may find its streets crowded 
with thousands of soldiers, sailors and marines from the great mili¬ 
tary establishments now located all over its methopolitan district, 
but the odds are that in this throbbing metropolis, now giving its 
all to the conquest of the Axis, you will behold a more gripping 
and vivacious Chicago than ever. 

You will like Chicago. 



ACTIVITIES IN THE CURRENT ESMWT PROGRAM 


By GEORGE W. CASE * 

Tn July of 1942 when tlie EiijriMoei’iiijr, Scieii<?e, and Manajrt*- 
iiient War Traiiiinfr profrram was lainadied, onr country was enter- 
inf? on a new phase of the manpower problem—a phase in which 
manpower has come to mean womanpower. Duri)]fr the Eiifrineer- 
inf? Defense Traininf? i)rofrrara of 1940-41 a few farsifrhted indus¬ 
tries were coTieerned about the frrowinf? shortaf?e of eiifrineers; no 
f?reat anxiety was felt, liowever, hy the }?reat majority. The 120,- 
802 trained in EDT seemed <piitc adequate to most-observers. In 
July, 1941, when BSMDT was instituted, the outlines of the man¬ 
power strinf?eney were befriuniiif? to emerf?e; considerable interest 
in increasiiif? the supply of male eiifrineers, chemists, physicists, 
and production supervisors was met on all sides. Not until late 
in 1942, however, w’ere employment officers able to overcome the 
prejudice against the employment of women for these jobs. Now, 
women are sought for nearly any job wdiich the^' can perform. 
The present and projected size of our armed forces has determined 
the pattern of our labor supply. Indeed, in some areas, we are 
exhausting the supply of women <|nalified to profit by ESMWT 
courses. 

Except for a moderate increase in size, and this marked shift of 
emphasis toward the training of those not liable for combat service, 
ESMWT is little different from BSMDT. Training is still directed 
toward specific activities to meet w'ar needs within the four classi¬ 
fications established for ESMDT. More precise definitions of the 
field of training have been made from time to time and certain 
courses such as business communications, office machine operating, 
navigation, pilot training, radio code practice, camouflage, and 
meteorology have been definitely ruled outside the scope of the 
program’s authorization. 

Some 211 institutions had been authorized to operate 19,550 
courses in one or more of the three college-level training programs 
by the end of February, 1943. Only 194 of these institutions were 
active in the ESMDT program, however, and only 7,872 BSMDT 
courses with enrollments of 438,503 were conducted. ESMWT, in 
contrast, by the end of its eighth month, numbered 222 approved 

* Dean of the College of Technology, University of New Hampshire, absent 
on leave to serve ns Director of Engineering, Rcience, and Mai^gement War 
Training in the United States Office of Education. 

580 



ACTIVITIES IM CURRENT ESMWT PROGRAM 


581 


institutions among its participants: 155 approved for engineer¬ 
ing, 206 for chemistry, 157 for physics, and 147 for production 
supervision. Between them these institutions had obtained ap¬ 
proval for 9,324 ESMWT courses and had accepted enrollments 
totaling 372,528. Thus, it is evident already that this year’s pro¬ 
gram will be somewhat larger than ESMDT. 

The 372,528 ESMWT enrollments are still heavily concentrated 
in engineering courses, which alone account for 279,227 or about 
three-quarters of all enrollments. Production supervision courses 
are next in meeting needs of war industries, with 77,108. Chem¬ 
istry and physics courses account for a little more than tivo per 
cent each. Between 20 and 25 per cent of all trainees enrolling 
in the current program are women. 

The largest ESMWT enrollment of Avomen has been for engi¬ 
neering drawing courses in wdiieh about one-fifth of the women 
have been enrolled, and accounting wdtli approximately one-eighth 
of the total female registration. Other courses with appreciable 
female enrollments are: aeronautical engineering, personnel ad¬ 
ministration, inspection and t«^ting, communications, surveying 
and mapping, engineering fundamentals, and analytical chemistry, 
in the order named. It is interesting to note that the courses with 
the lowest proportion of male enrollments are ofiice management, 
analytical chemistry, inspection and testing, accounting, surveying 
and mapping, and fundamentals of engineering, in the order of in¬ 
creasing proportion of male enrollments. From one-third to one- 
half of the trainees in all of these courses are women. 

Regarding the effectiveness of ESMWT in meeting shortages, 
we have much evidence in the form of reports and statements of 
its benefit to specific industries. A study of .1,897 completed 
ESMWT courses, casts light on another plane—the elfeetiveness 
of the instruction in preparing trainees. This study reveals that 
nearly 62 per cent of the 76,755 trainees enrolled had completed 
the courses satisfactorily—were prepared for the service contem¬ 
plated when the courses were approved. The highest percentage 
of successful completions was 66.6 per cent of the 2,483 trainees 
enrolled in physics courses; the low^est was 57.6 per cent of the 
1,442 chemistry trainees. Of the 56,071 enrolled in engineering 
courses, 61.5 per cent received certificates. The principal reasons 
for failure to complete courses satisfactorily were; Changed em¬ 
ployment conditions, 8.5 per cent; unsatisfactory work in course, 
4.7 per cent; and entered" armed forces, 3.2 per cent. Other rea¬ 
sons, including sickness, poor attendance, too heavy an educational 
load, and failure to take final examination accounted, together, for 
the remaining 21.7 per cent. Certainly, these figures reveal no 
unhealthy tendency. 
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During the life of the program it has been necessary to organ¬ 
ize certain courses to meet immediate nation-wide problems. 
Among these are the training of women for service as aircraft pro¬ 
curement inspectors, and Civil Service junior engineers, tlie re¬ 
fresher training of teachers of mathematics and physics, and the 
basic mathematical training of women and older men otherwise 
(lualified for ESMWT engineering courses. 

To train junior procurement inspectors for the Army Air Forces 
a course quite similar to the ordnance inspection course, but with 
the last 60 hours devoted to intensive training in one of four op¬ 
tional subjects coordinated with the type of aircraft on which the 
inspector plans to work, has been designed and offered at several 
institutions approved by the Air Forces. Trainees, who are se¬ 
lected by representatives of the Air Forces, are paid a training 
allowance of over 100 dollars a month. * 

The development of the refresher courses in mathematics and 
physics subject matter for teachers has been interesting.' These 
courses were offered first during the summer, but enrollments in 
them were disappointingly low despite the need, throughout the 
country, for teachers to conduct greatly expanded instruction in 
those subjects. With the Fall opening of the schools it became 
apparent that not nearly enough teachers had received this training 
and that it would be practically impossible to enroll them in typi¬ 
cal ESMWT classes during the school year. On October 22, 1942 
Commissioner Studebaker circulated a letter to State and County 
Superintendents of Public Schools, announcing ESMWT corre¬ 
spondence courses in mathematics and physics—a new departure 
in ESMWT. These courses have been carefully designed in con¬ 
sultation with the staffs of institutions offering correspondence 
courses through their extension divi.sions. Institutions in 19 states 
have been authorized to.offer these correspondence courses for 
teachers, using lesson sheets developed at the University of Wis¬ 
consin under the general supervision of ESMWT committee espe¬ 
cially appointed for this purpose. 

The junior engineer-supplemental training course was devel¬ 
oped, in cooperation with the U. S. Civil Service Commission, to 
provide training for college women graduates, to prepare them for 
Civil Service engineering jobs. The course outline includes engi¬ 
neering computations and problems, engineering drawing, elemen¬ 
tary mechanics of materials, surveying, and shop processes and 
methods. Over 1,000 women have been enrolled for this training 
since its inception. 

Recognizing that at least two years of mathematics is necessary 
for entrance to college-level courses in engineering an^J for service 
in any job that may properly be classified as engineering, ESMWT 
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has established a qualifying course in mathematics to supplement 
the supply of women with this qualification, which is diminishing 
at a rapid rate. The course content was selected primarily to 
afford manipulative skill in algebra, knowledge of the fundamental 
facts of geometry, and a working knowledge of trigonometric 
functions. Those who progress satisfactorily in the qualifying 
course may enroll in engineering drawing or other elementary 
engineering courses before they have completed the qualifying 
course, carrying the two simultaneously until the mathematics is 
completed. It is hoped that this procedure will increase the num¬ 
ber of women and older men who can successfully complete 
ESMWT engineering courses. 

An increasingly important training problem has been the prep¬ 
aration of qualified men from industry to teach ESMWT courses. 
Such men have adequate grounding in the subject matter, but 
often lack knowledge of effective teaching methods. Several in¬ 
stitutions, including the Pennsylvania State College, Yale Univer¬ 
sity, Temple University, and the University of Santa Clara have 
prepared manuals of great helpfulness to persons undertaking in¬ 
struction for the first time in the program. The Philadelphia 
group of institutions have rendered outstanding services in train¬ 
ing instructors to teach college-level training courses. 

Another and different set of problems has arisen from a recent 
reorganization of the War Manpower Commission. During the 
fiscal year 1941-42, the BSMDT program of the U. S. Office of 
Education was under the general supervision of the Chief of the 
Technical and Professional Training and Employment Division 
of the WMC, along with the National Roster of Specialized and 
Scientific Personnel. Executive order No. 9,279, dated December 
5, 1942, authorized the reorganization of WMC under five main 
bureaus entitled Selective Service, Placement, Program Planning 
and Review, Manpower Utilization, and Training. The National 
Roster was placed in the Bureau of Placement while professional 
and technical training has been allocated to the Bureau of Train¬ 
ing, together with the Apprentice Training Service, National Youth 
Administration, Rural War Production Training, Training Within 
Industry, and Vocational Training for War Production Workers 
programs. 

The War Manpower Commission operates through 12 Regional 
Manpower Directors. In each Region the Bureau of Training is 
represented by a Regional Chief of Training who is a member of the 
staff of the Regional Director, along with representatives of the Bu¬ 
reaus of Placement, Program Planning and Review, and Manpower 
Utilization. Selective Service is represented on the WMC Regional 
Director’s staff only in an advisory capacity, since the Washing- 
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ton headquarters of Seleetive Service deals directly, through the 
State Directors of Selective Service, with the local boards. 

The WMC Kegional Chief of Training is the chairman of a 
committee composed of representatives of the six training agencies. 
This committee is charged with the responsibility for estimating 
training needs and coordinating the work of the constituent agen¬ 
cies within its region. The actual operations of the various train¬ 
ing programs are carried out by the agencies themselves, which are 
responsible to their Washington offices just as they have always 
been. 

ESMWT maintains the same direct relations between the 
Washington office and the institutions which has always charac¬ 
terized it, and the same organization of regional committees under 
the chairmanship of the ESIVfWT Regional Advisers. The boun¬ 
daries of ESMWT Advisers’ regions have been qhanged slightly 
in some cases to make the twenty-one regions fit into the twelve 
War Manpower regioms, and in each of those twelve regions an 
ESMWT Regional Adviser has been designated Regional Repre¬ 
sentative to the Bureau of Training of the War Manpower Com¬ 
mission. This ESMWT Regional Representative acts as the chair¬ 
man of a committee of ESMWT R'-rional Advisers in cases w'here 
the WMC region includes two or more ESMWT regions. In 
every WMC region the ESMWT Regional Representative is the 
official representative of ESMWT on the committee headed by the 
Chief of Training, and official contacts between his agency and 
ESMWT are to be made through this ESMWT Regional Repre¬ 
sentative. lie is to receive such reports from the institutions and 
the ESMWT Washington office as will enable him to keep the 
Regional Chief of Training fully informed as to the ESMWT 
program in the region, and he is expected to keej) the ESMWT 
Washington office informed of all developments in his WMC re¬ 
gion which might affect the approval of course proposals submitted 
by the institutions. 

The Bureau of Training was formed by the War Manpower 
Commission with the thought that this coordination of the six 
training programs should result in a more comprehensive and 
efficient development of over-all training programs to meet the 
over-all needs of industry. 

Increasing volume of instruction in ESMWT and complexity 
of operating problems have necessitated, likewise, a minor reor¬ 
ganization of the Washington office. Under ESMDT the country 
was divided into two geographical areas with a Principal Special¬ 
ist in Engineering Education charged with the responsibility for 
approving course proposals in each area for the Director. In 
recognition of growing work-loads, a further division was made 
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oil July 15th, establishing three areas to be operated in a like man- 
ner. More recently it has been necessary to introduce a fourth 
ESMWT area. The purpose of this reorganization is to expedite 
the processing, in Washington, of course proposals. 

Among the operating problems of this year are those arising 
from wartime shortages of equipment, the necessity for reporting 
active enrollments more comprehensively to the War Manpower 
Regional Chiefs of Training, and the necessity for recruiting 
trainees from groups not liable for combat service. 

Maximum use of equipment in ESMWT instruction must be 
obtained to meet the critical wartime shortage of such material. 
The policy recommended to. secure such utilization has been, first, 
the design, whenever possible, of courses which can be given with 
the equipment already at hand and, second, the timing of starting 
dates and the staggering of class hours to keep duplication of 
equipment to a minimum and to secure the most continuous use 
of that which is available. Institutions have been asked to report 
all unused EOT and BSMDT equipment on hand which may 
possibly be made available to other institutions where the need 
for it is acute. 

Institutions, with suitable shop and personnel facilities, which 
arc able to obtain the necessary materials may build many items 
of equipment needed for ESMWT classes, including the cost in 
the 20 per cent allowance for cost of equipment and space. 

The need of WMC Regional Chiefs for current enrollment data 
which will aid them in picturing the manpower supply of their 
regions as a whole has necessitated some adjustment of ESMWT 
reporting procedures. Certain reports from institutions are now 
made in duplicate, one copy being routed to the ESMWT Re¬ 
gional Representative for use in answering specific questions in 
the WMC regional offices. The active enrollment report has been 
revised also, to show, in addition to the active enrollment in each 
institution’s program, the type of course at the institution which 
constitutes the major segment of its active enrollment and the 
number of active enrollments in this course. The ESMWT Re¬ 
gional Representatives will serve as channels for the collection 
and transmission of such information as WMC representatives may 
require, and it is hoped that no serious inconvenience to the in¬ 
stitutions will be occasioned by the necessity for forwarding copies 
of these reports to the ESMWT Regional Representatives. 

The recruitment of large numbers of qualified trainees who are 
not liable for combat service with the armed forces has become a 
major concern of ESMWT. If production goals are to be met, 
industry must be provided with replacements for the young men 
now called to the colors. 



586 


ACTIVITIES IN CURRENT ESMWT PROGRAM 


A recent report, prepared at the University of California points 
out that, the recruiting of college-type, employable women for 
ESMWT courses is becoming a major operating problem. Fac¬ 
tors increasing the difficulty of this recruitment are: Tlfe small 
number of women with preparation in mathematics and science; 
the ease with which the college woman finds employment, often in 
jobs which she soon leaves because of their monotony; the compe¬ 
tition of overseas adventures and uniforms offered by the WAACS 
and WAVES, and the high wages paid workers on assembly-line 
jobs; and the need for more intensive and concerted national 
promotion directed toward creating an acceptance of ESMWT 
among women. 

The California report emphasized the following factors which 
influence qualified women to accept ESMWT training: Vigorous 
local promotion directed to patriotism and self-interest; the availa¬ 
bility of training classes near home; the assurance of jobs upon 
completion of training; and adequate learner allowances for train¬ 
ees in courses more than twelve weeks in length. 

Aware of the importance of this last factor, many war indus¬ 
tries are selecting young women for professional and sub-profes¬ 
sional jobs, placing them on the jiayroll, and assigning them to 
attend ESMWT courses, in pay status, before entering on produc¬ 
tion work. Among the firms following this practice which have 
come to our notice are the Eastern Aircraft Division of General 
Motors, the Consolidated Aircraft Corporation, the Jones and 
Lamson Machine Company, the Willys Overland Company, the 
Toledo Seale Company, the Surface Combustion Company, the 
Electric Auto-Lite Company, the DeVilbiss Company, and the 
Koppers United Company. The Federal Civil Service is facing 
the necessity for meeting this competition and there is a good 
possibility that training subsidies now offered by Federal Agen¬ 
cies to ordnance and aircraft inspection trainees may be extended 
to other fields. 

More and more, the participating colleges and universities are 
carrying on vigorous campaigns of local publicity, utilizing press, 
radio, and in some instances, tag-announcements on newsreels run 
by local motion picture houses. 

The Washington office is undertaking promotion directed toward 
the recruitment of women, principally through the women’s mag¬ 
azines. It is felt that these publicatins are highly selective in 
reaching the class which might provide desirable trainees and 
that their coverage is wide. Beleases to date have brought in 
hundreds of inquiries from eligible women who have been di¬ 
rected to institutions near their places of residence. ■ ** 
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The dramatization of ESMWT opportunities for women in a 
motion picture short has been proposed by at least two institu¬ 
tions, and the Motion Picture Division of the Office of War In¬ 
formation in Washington has been approached concerning the 
possibility of doing this. Lack of funds and trained personnel 
for this purpose makes it unlikely that ESMWT will enter this 
field of promotion, especially while more conventional publicity 
media which can be utilized at less cost are not yet saturated. 

The success of recruitment efforts is attested by the growth of 
female ESMWT enrollments which are running well over 20 per 
cent of total enrollments, and expected to increase. The ratio of 
women’s enrollments has risen to its present value from less than 
one per cent recorded in the EDT program of 1940-41. Of the 
93,571 women enrolled in the three programs, more than 54,000 
have entered engineering, science and management courses this 
year. In view of the unprecedented opportunities for qualified 
women in industry it can be expected that half of ESMWT 'en¬ 
rollments may represent women before the close of the program. 
Perhaps older men and handicapped persons will comprise the 
major portion of the remainder. 

Older men are already finding ESMWT courses in precision in¬ 
spection and certain phases of production supervision effective in 
converting abilities acquired in such fields as salesmanship, law, 
and management of less essential enterprises for more direct par¬ 
ticipation in war production. Several hundred men in their 
forties and fifties have been placed in the ainjraft industry as a 
result of ESMWT courses. Retraining courses for displaced ex¬ 
ecutives are being operated on a small scale at a few institutions 
now, pending the recording of sufficient experience with this new 
kind of training to justify its expansion. 

Estimates of the funds needed for the continuation of ESMWT 
during 1943-44 have been approved by the Bureau of the Budget 
and there is every reason to believe that the program will continue, 
substantially as it is at present, during another year. The de¬ 
velopment of special techniques for the retraining of handicapped 
individuals for war production may well be one of the operating 
problems of the near future. Some consideration is being given 
to problems in this field at present and a number of interesting 
suggestions have been received for the retraining of men discharged 
from the armed forces because of service-connected disability. 

We in the Washington office take pleasure in utilizing this 
opportunity to commend the institutions whose energy and devo¬ 
tion have made possible the ESMWT program and extend dur 
sincerest wishes for a continuation of the success which has at¬ 
tended their efforts. 



ARMY SPECIALIZED TRAINING PROGRAM 

By a. L. H. RUBIX 


BASIC PHASE ENGINEERING 
('UKRicrLUM No. BEl 


FTours 

per 

Term I week 

Mathematics: AS'I'-IOG. .G 

Physics: AST-304.7 

Chemistry: AST-205.3 

English: AST-111. 3 

History: AST-133.3 

Geography: AST-1G3 .2 


Hour 

per 

Term II week 

Mathematics: AST-407. . . .5 

Physics: AST-305.7 

( Uiemistrv: AST-20G.G 

English: AST-111.2 

History: AST-133. . . .'.2 

Geography: AST-163.2 


Hours 

per 

Term III week 

Mathematics: AST-408. . . .5 
Pliysics: AS1'-30G. .. 7 

Engineering Drawing: 

AST-001.G 

English: AST-111.2 

History: AST-133.2 

Geography: AST-1G3.2 


ADVANCED PHASE ENGINEERING 


(Curriculum 4A1 and (Curriculum 4A2 
Term 4A 

This is a refresher course an<l reviews the work in Mathematics, 
Physics, Chemistry, and Engineering Drawing of the Basic Phase. 


ARMY SPECIALIZED TRAINING PROGRAM* 
Mathematics: AST-406 

Addition, subtraction, multiplication and division of polynomials. 
Factoring of following types: 

(o) Perfect squares. 

* Suggested texts following description of courses are not prescribed but are 
suggested as an indication of level and scope of the course. E^ch institution is 
free to choose its own equivalent texts. * 
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(6) Difference of two squares. 

(c) + ax + b. 

(d) Factoring by grouping terms. 

(e) Sum and difference of cubes. 

Operation with fractions. 

Evaluation of formulas. Include elementary mensuration of 
plane and solid figures. 

Linear equations in one and two unknowns. 

Exponents and Radicals. 

lAigarithms. Accuracy of computation is to be stressed. Five- 
place tables are recommended. 

Quadratic equations in one unknown. Also include solution of 
linear-quadratic pair of simultaneous equations. Complex numbers. 

Ratio, proportion and variatifni. Use illustrative material from 
plane and solid geom(‘tr^^ 

Binomial Theorem. 

Trigonometric functions. Recommended introduction of func¬ 
tions of a general angle immediately. Fundamental identities. 

C’omputation on right triangles, (vompononts of a vector. 

Radian Measure. (Also introduce the mil.) 

Graph of th(‘ sine and cosine function. 

Trigonometric identities including addition formulas for sine, 
cosine and tangent. Double and half angle formulas. 

Solution of oblifjue triangles. Insist on accuracy of compu¬ 
tation. 

Suggested Texts: 

1. Brink, Intermediaie Algebra. 

2. Brink, Plane Trigonometry. 

3. Crathorne and Lytle, Plane Trigonometry. 

4. Curtiss and Moulton, Essentials of Trigonometry. 

5. Peterson, Intermediate Algebra for College Students. 

6. Rietz and Crathorne, College Algebra, Edition. 

7. Rosenbach and Whitman, College Algebra. 

8. Rosenbach and Whitman, Plane Trigonometry. 

Physics: AST-304 

Motions of Translation: Constant and variable speeds, constant 
and variable velocities, vector relations, accelerations, uniform cir¬ 
cular motion, motion of a projectile fired at an angle with the 
horizontal. Problem drill.’ 

Forces: Newton’s three laws, mass and weight, units vector 
relations, composition and resolution of forces, centripetal and cen¬ 
trifugal forces, center of gravity, momentum, conservation of 
momentum. Problem drill. 
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Rotation: Angular speed, velocity and acceleration, Newton’s 
laws applied to rotating bodies, torque measurement, torque and 
angular acceleration relations, moment of inertia, angular momen¬ 
tum, conservation of angular momentum. Problem drill. * 

Statics: Conditions for equilibrium of a body under the action 
of a system of coplanar forces. Problem drill. 

Work, Power, Energy: Potential energy and its measurement, 
kinetic energy and its measurement, kinetic energy of rotation, 
units, conservation of energy. Problem drill, measurement of me¬ 
chanical power. 

Molecular Forces: States of rnatUir, diffusion, cohesion, adhesion, 
surface tension, capillary. 

Friction: Types of friction, laws of friction between dry solid 
surfaces, viscosity of gases and liquids, limiting angle of friction, 
friction on an inclined plane, rolling friction, work done against 
friction. 

Liquids: Characteristics of liquids, pressure, factors affecting 
pressure in a liquid, Pascal’s pi-inciple, hydraulic devices, Archi- 
mede’s principle, density, specific gravity, stability of floating 
bodies. 

Gases: Atmospheric pressun', Terricelli’s experiment, compressi¬ 
bility of gases, potential energy of a gas under pressure as compared 
with a liquid under pressure, Boyle’s Law, fluids in motion, Ber¬ 
noulli effect. 

Elasticity and Periodic Motion: Moduli of elasticity, elastic and 
inelastic impact, simple harmonic motion, wave motion and types 
of waves, relations of wave length frequency and velocity, standing 
waves, reflection and refraction of waves. 

Recommended Laboratory Experiments: 

1. Measurement of lengths and angles, use of verniem and 
slide rule. 

*2. Measurement of density and specific gravity of solids by 
use of analytical balance. 

*3. Measurement of density and specific gravity of liquids, use 
of Westphal balance, calibration of an hydrometer. 

4. The simple pendulum, relation of period and length, deter¬ 

mination of g. 

5. The compound pendulum, centers of percussion and oscilla¬ 

tion measurement. 

6. Simple harmonic motion, use of coil spring, determination 

of spring constant, period, and factors affecting period. 

7. Determination of g, Free fall method. 

* Equipment for experiments marked with asterisk is not likely to be available 
from supply houses, institutions which already possess this equipment might 
assign these experiments. Others will be satisfied to arrange demonstrations. 
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8. Factors affecting torsion, use of cylindrical rods, torsional 

coefficient of elasticity. 

9. Moment of inertia by torque and angular acceleration meas¬ 

urements. 

10. Moment of inertia by measurement of period of a rotating 
body with elastic support (torsion method). 

U. Young’s Modulus. 

12. Centripetal and centrifugal force measurement. 

13. Coefficient of friction measurement. 

14. Ballistic pendulum (Blackwood). Conservation of energy 

and momentum. 

15. Potential energy and work measurement. Work done by a 

pile driver in driving a nail in a block of wood, average 
force, impulse. 


Suggested Texts: 

Two groups of texts are named. Group A being more definitely 
texts for engineering students. Group B more elementary texts 
requiring less mathematical preparation. 


Group A 
Anderson. 

Hausmann and Slack. 
Perkins. 

Robeson. 

Saunders. 

Shrader. 

Smith. 

Weniger. 


Group B 
Eldridgc. 
Foley. 

Howe. 

Kimball-Wold. 

Stewart. 


Chemistry: AST-205 

Laws of Definite Proportion, law of conservation mass, equi¬ 
librium, structure of matter, valence, oxidation and reduction, 
periodic system, behavior of matter in the three states of aggrega¬ 
tion, Faraday’s law, solution phenomena (including electrolytes and 
ionization). Application of concepts and principles should be made 
to the study of elements, compounds and reactions. 

The emphasis to be given to the above items would be deter¬ 
mined in the light of the content of the physics courses given in the 
Basic Phase. 

Suggested Texts: 

1. Hildebrand, Principles of Chemistry. 

2. HolmeS) Chemistry (Unabridged). 

3. Kendall, SmiBi^s College Chemistry. 

4. Schlesinger, ChemiUry. 
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Mathematics: AST-407 

Rectangular Coordinates. Distance and slope formulas. 

The straight line. , 

Curve and Equation: The derivation of the equation of the 
curve from given condition.s. A thorough discussion of the curve 
from its equation including such topics as excluded values, sym¬ 
metry, vertical and horizontal asymptote, etc., as a preliminary to 
the drawing of the graph. 

The C^ircle. 

Translation and rotation of coordinate axes. 

The Conics (not mor<i than .six or eight lessons). 

Polar Coordinates. A careful drill in plotting of graphs. 

Parametric efpiations. 

Transcendental equations, include addition and multiplication 
of ordinates. Stress curves like y — r""' cos etc*. 

Solid Anal 3 d,ic Geometry. 

(a) Rectangular, cylindrical and spherical coordinates. 

(5) Planes and straight lines. 

(c) Second degree surfaces. Sketch by means of sections par¬ 
allel to the axes. 

SjJiggested Textfi: 

1. Love, Analytic Geometry. 

2. Smith, Gale and Neeley, Neu) A nalytic Geometry. 

3. Wilson and Tracij^^ Analytic Geometry. 

Physics: AST-305 

Soutid: Nature of sound, sources, sound characteristics, reso¬ 
nance, beats, interference, Doppler effect, binaural effect, study of 
sounds produced by tuning fork, vibrating strings, organ pipes, 
loudness levels, decibel relations, elementary acoustics. 

Kinetic Theory: Justification of Boyle’s law by laws of mechan¬ 
ics, mean free path, molecular forces, relation of temperature to 
kinetic energy, derivation of C = /3p/d, mechanical explanation of 
cooling of a gas by expansion and cooling by evaporation. 

Temperature Scales. 

Types of thermometers. 

Expansion of Solids: Coefficients of linear and volume expansion 
of solids, maximum density of water, expansion of liquids, thermo¬ 
stats. 

Measurement of Heat Quantity: Units, calorie, B.T.U., specific 
heat, method of mixtures, heat of combustion. 

Changes of State: Heat of fusion, heat of vaporization, super¬ 
cooling, effect of pressure on the freezing point, regulation, sublima- 
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tion, evaporation, boiling, eflFect of pressure on the boiling point, 
variation of heat of vaporization with temperature. 

Gas Laws: Thermal behavior of gases, changes of volume with 
constant pressure, changes of pressure with constant volume, the 
standaril gas thermometer, general gas laws, free expansion, con¬ 
strained expansion, specific heats of gases, isothermal and adiabatic 
processes. Van der Walls equation. 

Vapors: Vapor pressure, saturated vapor pressure, variation of 
saturated vapor pressure with temperature, humidity of the atmos¬ 
phere, triple point, critical point, liquefaction of gases, refrigeration, 
pressure volume relations for a saturated vapor, conditions under 
which the gas laws hold for a vapor. 

Heat Transfer: Conduction, convection, and radiation, (5oeffi- 
cient of conduction, Dewar flask, general radiation, general absorp¬ 
tion, “black body” radiation, Stcfan-Boltzmann law, Wien's dis¬ 
placement law, elementary quantum theory. 

Heat and Work: First and s(;cond law of thermodynamics, work 
done by a gas expanding at constant pressure, work done by a gas 
in a Boyle’s law expansion, mechanical equivalent of heat, trans¬ 
formation of heat into work, Carfiot Cycle. 

Nature of Light: Wave properties, corpuscular properties, photo- 
(“leetric cell, and Young’s interference experiments, velocity of light, 
Michelson’s method, frequency and wave length relations, light 
sources. 

Photometry: ('!andlc power, illumination of a surface, light flux, 
measurement of candle power, inverse square relation. 

Reflection and Refraction: Regular and diffuse reflection, plane 
mirrors, spherical mirrors, ray diagrams for location of images by 
spherical mirrors, relation of size of object and images, real virtual 
images, laws of refraction, index of refraction, deviation caused by 
a prism, total reflection, critical angle of incidence. 

Lenses: Thin lenses, principal focus, object, image and focal 
distance relations, ray diagrams for lens combinations, aberrations. 

Optical Instruments: Magnifying glass, telescopes, microscopes, 
eye, camera, field glasses, sextant, the electron microscope. 

Spectra and Color: Dispersion, types of spectra and their sources, 
ultra violet and infra-red spectra, color of bodies, mixing pigments, 
Fraunhofer lines, theory of color vision, luminescence, spectral radi¬ 
ation, selective absorption. 

Interference and Diffraction: Huyghens principle. Young’s inter¬ 
ference experiment, diffraction by a narrow slit, diffraction by a 
wire, Newton’s rings and thin film interference, diffraction grating. 
X-rays and diffraction of X-rays. 

Plane Polaruaiion: Polarization by reflection, by double refrac¬ 
tion, and by scattering, the Nicol prism, Polaroid, use of polarized 
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light in detection of double refraction caused by strains, rotation of 
plane of polarization, photoelasticity. 

Recommended Laboratory Experiments: 

1. Melde’s experiment, standing transverse waves. 

2. Kundt’s tube experiment, velocity of sound in solids, stand¬ 

ing longitudinal waves. 

3. Velocity of sound in air, resonance tube measurements. 

*4. Qualitative study of sound characteristics by use of phono- 
deik or oscilloscope. 

5. Measurement of pitch by use of siren disk, pressure rela¬ 
tions in standing sound wave (Rubens apparatus). 

(5. Measurement of coefficient of linear expansion. 

7. Measurement of heat of fusion. 

8. Measurement of heat of vaporization. 

9. Measurement of specific heat. * 

10. Mechanical equivalent of heat. 

11. Gas Laws, Boyle's and Charles' laws. 

12. Variation of vapor pressure with temperature. Static or 

dynamic method. 

13. Relative humidity measurement, sling psychrometer and 

dew-point measurements. 

14. Photometry. 

15. A study of thin lenses, aberrations, effect of stops, focal 

length measurements. 

16. Simple telescopes, magnifying power. 

*17. Index of refraction, spectrometer and prism method. 

*18. Young's interference experiment. 

19. Use of diffraction grating in wave length measurements. 

20. Qualitative experiments on plane polarized light. 

Suggested Texts: 

Two groups of texts are named. Group A being more definitely 
texts for engineering students. Group B more elementary texts re¬ 
quiring less mathematical preparation. 


Group A 
Anderson. 

Hausmann and Slack. 
Perkins. 

Robeson. 

Saunders. 

Shrader. 

Smith. 


Group B 
Eldridge. 
Foley. 

Howe. 

Kimball-Wold 

Stewart. 


Weniger. 

* Equipment for experiments marked with asterisk is net lik%)y ^ be available 
from supply houses. Institutions which already possess this equipment might 
assign these experiments. Others will be satisfied to arrange demonstrations. 
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Chemistry: AST-206 

Study of elements, their reactions and types of compounds, 
based upon their arrangement in the periodic table. The impor¬ 
tant common elements will be studied. What additional elements 
will be covered will be determined by their relative importance and 
the instruction time available. 

Two 1-hour lecture periods a week. Demonstration will supple¬ 
ment the instruction by lectures. Occasional reference should be 
made to application of reactions to industrial processes. 

Four laboratory hours a week will include time for quizzing of 
trainees and to give them an opportunity to ask questions. 

Laboratory work will develop skill in, as well as knowledge of, 
laboratory procedures and will illustrate the principles of chemistry 
and the study of the important common elements taken up in the 
lecture periods of the course. 

Suggested Texts: 

1. Hildebrand, Principles of Chemistry. 

2. Holmes, Chemistry (Unabridged). 

3. Kendall, Smith's College Chemistry. 

4. Schlesinger, Chemistry. 

Mathematics: AST-408 

Definition of Derivative. Finding the derivative by the incre¬ 
ment process. 

Differentiation of algebraic functions. 

Applications of the derivative to: 

(а) Equation of tangent and normal. 

(б) Rates. 

(c) Maxima and minima. 

Differentiation of Transcendental Functions with further appli¬ 
cation of the derivative. 

Differentials with applications to approximation, etc. 

Integration of standard forms, integration by trigonometric sub¬ 
stitution, integration by parts. 

The definite integral with applications including areas and 
volumes. 

Suggested Texts: 

1. Granville, Smith, and Longley, Differential and Integral Cal¬ 

culus. 

2. Love, Differential and Integral Calculus. 

3. Miller, Calculus. 

4. Sherwood and Taylor, Calculus. 
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Physics: AST-306 

Electrostatic Phenomena: Brief study of constitution of matter, 
production of electric charges, two kinds of charges, the electron, 
force relations on charges, electrostatic induction, electrfc fields, 
electric potential, surface density, electric conductors and insula¬ 
tors, conduction in gases, ionization. 

Magnetic Phenomena: Natural magnets, Coulomb's law, mag¬ 
netic poles, magnetic fields, the magnetic field of the earth, theory 
of magnetism, magnetic shielding. 

The Electric Current: Charges in motion, magnetic field of an 
electric current, simple electric circuit, eksetromotive force, resist¬ 
ance, effects of an electric current made use of in its measurement. 
Ohm's law. Joules' law. Problem drill on simple series circuit. 

Resistance: Resistivity, temperature coefficient of resistance, re¬ 
sistance standards, resistance properties of alloys /ind pure metals, 
wire size, series and parallel relations. 

Chemical Effects of an Electric Current: Faraday’s laws of elec¬ 
trolysis, the primary cell, secondary cells, polarization, emphasis on 
E = W/Q. 

Electromagnetism: Measurement of current by its magnetic effect, 
magnetic field about a straight conductor, magnetic fields about 
coils, forces on current leaving conductor in a magnetic field. 

Electrical Measurements: A study of the measurement t>f 7, E 
and Hy galvanometers, voltmeters, ammeters, watt-meters, Wheat¬ 
stone Bridge, Potentiometer, thermal electromotive force and its 
application in electric measurement. 

Induced Electromotive Force: Faraday's experiments on electro¬ 
magnetic induction, Lenz’s law, electromotive force in a moving 
straight wire, the induction coil, simple transformer, simple gener¬ 
ator, back electromotive force. 

Capacitance: (Charge and voltage relations, factors affecting 
capacitance, energy in a charged capacitance, capacitance in series 
and in parallel, current and time relations in a DC Circuit with 
capacitance. 

Inductance: Fundamental idea of inductance, factors determining 
inductance, energy stored in the magnetic field of an inductance, 
mutual inductance, current and time relations in a DC Circuit with 
inductance. 

Alternating Currents: Simple AC generator, effective value of an 
alternating electromotive force and current, capacitance and induct¬ 
ance in AC Circuits, power relations, power factor. 

Tkermionics: Edison effect, simple diode characteristics, triode 
characteristics, cathoderay oscillograph, X-ray production, the 
photoelectric cell. * 
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Recommended Laboratory Experiments: 

1. Electrostatic phenomena, a qualitative study of. 

2. A study of the magnetic field about a permanent magnet, 

plotting of a field with location of neutral points. 

*3. Use of the tangent galvanometers to determine H. 

*4. The magnetometer and magnetic pendulum method of 
measurement of H. 

5. The d’Arsonval galvanometer, sensitivity measurements. 

6. A study of the effect of galvanometer shunts. 

7. Wheatstone bridge, series and parallel resistance measure¬ 

ments. 

8. Measurement of resistivity, direct deflection method. 

9. Voltmeter and ammeter measurements in a simple series 

circuit containing a gravity cell. 

10. Measurement of temperature coefficient of re.sistance. 

11. Measurement of capacitance, scries and parallel capaci¬ 

tances. 

12. Joule's law, Barnes’ constant flow calorimeter method. 

*13. Bridge method of comparing inductances. 

14. Faraday’s laws of electrolysis. 

15. Simple diode characteristics. 

16. Triode characteristics. 

17. Intensity of light effect on electric current of photoelectric 

cell. 

Suggested Texts: 

Two groups of texts are named, Group A being more definitely 
texts for engineering students. Group B more elementary texts re¬ 
quiring less mathematical preparation. 

Group A 
Anderson. 

Hausmann and Slack. 

Perkins. 

Robeson. 

Saunders. 

Shrader. 

Smith. 

Weniger. 

Engineering Drawing: AST-001 
Use of instruments. 

General machine drawing and technical sketching. 

* Equipment for experiments marked with asterisk is not likely to be available 
from safely bouses. Institutions which already possess this equipment might 
assign these experiments. Others will be satisfied to arrange demonstmtions. 


Group B 
Eldridgc. 
Foley. 

Howe. 

Kimball-Wold. 
Stewart. 
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Basic geometric arrangements. 

Arrangements of views. 

Plan, elevation, auxiliary, section views, conventions, 
standards. * 

Dimensioning: Use of scales. 

Size, location, tolerance and limits. 

Reading of shop drawings, and accompanying specifications. 
Fastening devices: threads, belts, nuts, screws, welds, etc. 

Intersections and developments. (Sheet metal layouts.) 

Elements of lofting and geometric principles of a short term 
nature and incidental to the above program. 

Principles of duplications of drawings. 

Suggested Texts: 

1. French, Engineering Drawing. 

2. Giesecke, Mitchell, Spencer, Technical Drawing. 

3. Jordan and Iloelscher, Engineering Drawing. 

4. Meadoweroft, Aircraft Detailed Drafting. 

5. Schumann, Technical Drafting. 

6. Svenson, Machine Drawing. 

The Course in American History 

This outline indicates the areas of instruction on which emphasis 
should be placed. It is not intended to prescribe the course of 
study in detail. Reliance is placed on the instructor’s initiative 
and resourcefulness and on his judgment in utilizing materials and 
techniques of teaching. 

Objectives op the Course: 

It is important that each trainee completing the basic phase of 
the Army Specialized Training Program should have a sound knowl¬ 
edge and understanding of American History. 

The objectives of this course are to give him: 

1. 1. A sound knowledge and understanding of the origins of 
American institutions (social, economic, political, and military), 
tracing their roots to their Old World sources; of the Europe from 
which the colonists and later immigrants came, why they came and 
what they brought with them; of the resultant problems of ad¬ 
justment. 

2. A sound knowledge and understanding of the struggle for 

American unity and the emergence of American national conscious¬ 
ness; of the westward movement and the expansion of the American 
domain to its continental limits; of the growth of sectionalism, and 
the War between the States; of the subsequent reconstruction of 
the nation. * 
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3. A knowledge and understanding of the emergence of the 
United States as a world power; of changes in national point of view 
which that development imposes on the people; of the responsi¬ 
bilities for international leadership which have been created and 
which America must assume; of our developing relationships with 
the nations of South America, Europe, and Asia. 

4. A knowledge and understanding, through the foregoing, of 
the trends, movements, and events which have led to World War 
II; of the fundamental issues involved; of the problems and oppor¬ 
tunities which will follow the conclusion of the War. 

II. A sound knowledge and understanding of the growth of 
representative, constitutional government and political democracy; 
of the tripartite governmental powers; of the federal idea in opera¬ 
tion; of states' rights and the trends toward centralization; of civil 
rights and liberties, and the civil responsibilities which accompany 
them; of these governmental principles and practices as instru¬ 
mentalities for the establishment of the worth and dignity of the 
individual. 

Comment: 

No field of investigation and instruction is subject to wider 
variations of approach, development, and technique than that of 
history; in none has the instructor freer choice in the selection of 
basic materials, in determining the range or the absence of indoc¬ 
trination, in providing the stimulus to independent thought on the 
part of his students. In such a controversial field, formalization 
into a fixed pattern is undesirable. 

It is believed, however, that the objectives set forth above should 
be sought in a spirit unreservedly in consonance with the ideas and 
ideals for which the nation is fighting. This principle should simi¬ 
larly govern the distribution of the limited time available and the 
relative emphasis given the different areas of study. 

Each trainee should be thoroughly impressed throughout the 
course with a sense of the personal responsibility which rests upon 
him (and upon every other citizen) to preserve and strengthen the 
American way of life. This involves the consideration of such 
characteristics of American life as freedom of opinion and speech, 
freedom of assembly and worship, equality of opportunity, and 
equality of justice under the law. It also involves consideration 
of the individual obligation of restraint in the exercise of these 
freedoms as it affects the common good. 

Instruction should take a realistic middle-of-the-road interpre¬ 
tation of historical truths, avoiding the tendency on the one hand 
of belittling the importance of America's part in the world drama 
and avoiding, on the other, the tendency to gloss over the nation's 
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failures and shortcomings. Such procedure, it is believed, will 
develop in the trainee the rational and realistic point of view wanted 
in a man who is being trained for the battlefield. 

Coordinaiion of Courses: 

The accelerated nature of the courses in English, history, and 
geography requires coordination of instruction and use of common 
materials so far as possible. Richness of content will be achieved 
by drawing freely upon the resources of all related departments. 
It is suggested that a central committee be established in each insti¬ 
tution to coordinate these functions and achieve these ends. 

The objectives of the course have been stated broadly to permit 
maximum latitude in development. The Army Specialized Train¬ 
ing Division is prepared to serve as a clearing house for suggestions 
as to methods and materials of instruction used by participating 
institutions. 


English: AST-111 

The following material indicates the areas of instruction on which 
emphasis should be placed. It is not intended to prescribe the 
course of study in detail. Experience indicates that reliance can 
be placed on the capable instructor’s initiative and resourcefulness 
and on his judgment in utilizing materials and choosing his tech¬ 
niques of leaching. 

Objectives of the Course: 

The end-product of the Army Specialized Training Program is 
an officer candidate who will, after further specialized training, 
function effectively in a position of command. He must, therefore; 

1. Be a clear thinker. 

2. Possess the skill of orderly, concise, and appropriate com¬ 
munication, both oral and written, including the ability to observe 
and report accurately. 

3. Possess the ability to listen and to read understandingly. 

4. Know the basic forms of military communication. 

In view of the limited time available for instruction in English, 
it is particularly important that this instruction be reinforced by 
requiring trainees in all classes to write and speak with deliberation, 
clearness, and correct language. 

It is urged that particular attention be paid to the development 
of the trainees’ powers of reasoning, imagination, and communica¬ 
tion, especially in relation to the study of American history and 
institutions by the use of biographies, historical works, and mate¬ 
rials having historical content—for purposes of analysis, discussion, 
and expository writing. This should not be done, however, to the 
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exclusion: of poems, short prose articles, and selections from works 
of notable English and American writers which present the correct 
native idiom. 

The course, of thirty-six weeks duration, is the same for all basic 
trainees. Although the course is divided into three twelve-week 
terms, it is intended to provide continuous progressive training 
throughout the entire thirty-six weeks. 

Framework op Instruction: 

The following is a suggested framework of instruction, not con¬ 
fined to specific twelve-week terms, but continuing throughout the 
course: 

1. Reading. 

Close study of selected pai-agraphs to distinguish the central 
subject in each, the order in which facts are presented, the key 
sentences, the paragraph structure and the precision with which 
words are used. 

Analysis of material to discern the continuing thought and dis¬ 
tinguish the style of presentation, qualities of sustained interest, 
logic of development, major and minor ideas, cumulative power of 
persuasion, validity of conclusions. 

Examination of current critical writing; analysis of material to 
detect strong and weak generalizations, true and false analogies, 
impartial and biased opinions, hypothetical and categorical premises, 
emotional and intellectual conclusions. 

2. Writing. 

Instruction and practice to develop conciseness in expression, 
without omitting essential material. 

Instruction in proper usage; punctuation, grammar, vocabulary, 
and spelling. 

Instruction in outlining and note-taking. 

Practice in the accurate reporting of accurate observations. 

Instruction and practice in expository writing requiring sound 
structure, logical development, and continuity of thought and em¬ 
phasizing simplicity and lucidity of expression, with due emphasis 
on correct usage of the English idiom. 

Practice in the preparation of reports ana’yses, and criticisms. 
Basic material for this feature of the work should be drawn from 
readings in this course and in considerable degree from all other 
courses in the program. * 

(A minimum of four hours instruction in the basic forms of 
military correspondence is required. The Commandant will 
collaborate in this instruction. Army Regulation 340-16 and 
Orders,'* Instructional Pamphlet No. 1, published by the 
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Infantry Journal^ may be used as basic texts for military 
correspondence.) 

3. Speaking. 

Instruction and practice in oral presentation. Development of 
self-confidence and the ability to think on one’s feet. Development 
of sound habits of brevity, correct pronunciation and enunciation, 
conciseness of expression, and organization of material. Develop¬ 
ment of variations in emphasis through the correct use of such 
devices as volume of tone, acceleration and retardation of spiced, 
and the use of the pause. Acquisition of adequate case and fiuency 
to speak extemporaneously, reasonably free from hesitation, force¬ 
fully and pleasingly, and coherently as to sentence and paragraph 
structure. Elimination of handicaps of speech such as the mono¬ 
tone, undesirable mannerisms and affectations. 

Presentations should be so well organized as to impress them¬ 
selves, in outline, on the listener’s memory. They should bo sub¬ 
jected frequently to criticism by the hearers in terms of the speaker’s 
appearance, manner, adequacy, brevity, forcefulness, and organiza¬ 
tion of material. (See next section.) 

4. Listening. 

Development of concentration upon spoken remarks and the 
ability to understand what is said. Cultivation of ability to con¬ 
centrate upon speaker’s intended meaning and not to be diverted 
by idiosyncrasies of manner. Developnnent of ability to repeat in 
listener’s own words the context of speaker’s remarks. 

Instruction in both speaking and listening will be strengthened 
by frequent panel discussions on current problems. 

The following is a list of suggested readings which will both 
provide material for the course in English and implement the study 
of the basic courses in history and geography. It is assumed that 
this list will be amplified as the instructor sees fit. 

Acton, History of Freedom^ selections. 

Adamic, From Many Lands, selections. 

Beard, Old World and New, selections. 

Bok, Education of an American, selections. 

Bradford, History of the Plymouth Plantation, selections. 

Carnegie, selections on Anglo-American cooperation. 

Churchill, World Crisis, selections. 

Clay on Pan-Americanism. 

Emerson, selections, “Self-Reliance,” etc. 

Friedrich, New Belief in the Common Man, selections. 

Greeley, “Go West,” editorial. 

Hagedom, Life of Leonard Wood, selections. 
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Hay, selections of “Open Door" policy. 

Herring, Politics of Democracy, selections. 

Holmes, The Common Law, selections. 

Jefferson, Notes on Virginia, selections. 

Lincoln's Second Inaugural and Gettysburg Addresses. 
Lippman, selections on early Twentieth Century problems. 
Locke, Of Civil GovernmerU, selections. 

Macaulay, History of England, selections. 

Mills, Liberty, selections. 

Nicolson, Peacemaking, 1919, selections. 

Paine, Common Sense, selections. 

Farrington, Main Currents of American Thought, selections. 
Roosevelt, selections, including the Four Freedoms. 
Rousseau, Social Contract, selections. 

Sandburg, selections on post-Civil War period. 

Schurtz, selections on civil service reform and melting pot. 
Tawney, Religion and the. Rise of Capitalism, selections. 
Thoreau, Civil Disobedience, selections. 

Wilson, Congressional Government. 

Wilson, selections on the New Freedom. 

Whitehead, Science and the Modern World, chapter one. 

ARMY SPECIALIZED TRAINING PROGRAM 
Advanced Phase 

CHEMICAL ENGINEERING 
Curriculum No. ChE-1 




Hrs. 



Hrs. 


AST 

per 


AST 

per 

Term 4 

Nos. 

wk. 

Term 5 

Nos. 

wk. 

Mathematics. 

..401 

5 

Phys. Chemistry... 

..404 

6 

Qual. Anal. 

..401 

6 

Org. Chemistry.... 

..405 

10 

Quant. Anal. 

..402 

8 

Unit Oper. 

.415 

6 

I^ys. Chem. 

..403 

5 

Mechanics. 

.401 

6 

Ind. Chem. Cal.... 

..403 

3 






Hrs. 



Hrs. 


AST 

per 


AST 

per 

Term 6 

Nos. 

wk. 

Term 7 

Nos. 

wk. 

Str. of Mat. 

..401 

4 

Unit Oper. Lab. II.. 

..418 

8 

Unit Oper. II. 

..416 

3 

Chem. Tech. 

.406 

7 

Ele. of El. Engr.... 

.401 

8 

Phys. Met. 

..410 

5 

Unit Op. Lab. I... 

..417 

7 

Chem. Engr. Prob. 

.420 

6 

Thermodynamics. . 

.335 

5 
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ARMY SPECIALIZED TRAINING PROGRAM 
Mathematics: AST*401 

For description see Mathematics: AST-401 in Mechanical Engi¬ 
neering Curriculum No. ME-1. 

Qualitative Analysis: AST-401 

Prerequisite: Elementary Chemistry. 

Training in the theory and technique of qualitative analysis. 
After experience with known samples, unknowns should be success¬ 
fully analyzed. The lecture and recitation hours should permit the 
students to gain an understanding of the principles. 

Suggested Texts: 

1. McAlpine and Soule, Qualitative Chemical Analysis. 

2. Noyes and Swift, Qualitative Chemical Analysis of Inorganic 

Substances. 

3. Smith and Miller, Qualitative Chemical Analysis and the Re¬ 

lated Chemical Principles. 

Quantitative Analysis: AST-402 
Prerequisite: Elementary Chemistry. 

Standard methods of volumetric and gravimetric analysis of un¬ 
known samples. The lecture and recitation period is employed to 
explain the various procedures and to give practice in calculations. 

Suggested Texts: 

1. Hall, W. T., Textbook of Quantitaiive Analysis. 

Physical Chemistry: AST-403-404 

Prerequisites: General Chemistry, Mathematics through Differ¬ 
ential Calculus. 

Properties of gases, liquids and solids, elementary thermo¬ 
dynamics, solutions, electrolytes, colloids, thermochemistry, phase 
equilibrium, chemical equilibrium, chemical kinetics, electrochem¬ 
istry, photochemistry, atomic structure. The principles should be 
profusely illustrated by many simple problems assigned to the 
students. The laboratory work would consist of about ten typical 
measurements such as molecular weight determination, vapor pres¬ 
sure, heat of solution, equilibrium constant, reaction velocity 
constant, binary liquid-vapor equilibrium, solubility, etc. 

Suggested Texts: 

1. Getman-Daniels, OuUines of Theoretical Chemistry. 

2. Millard, E. B., Physical Chemistry far Colleges. * 

3. Noyes and Sherrill, A Course of Study in Chemical Principles. 
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Industrial Chemical Caulclations: AST-403 

Prerequisites: Elementary Chemistry and Mathematics through 
Differential Calculus. 

Weight and composition, stoichiometry, density and volumes of 
ideal gases and of gas mixtures, vaporization and condensation, 
thermophysics, thermochemistry, thermochemistry of industrial 
reactions and fuels, weight and heat balances of chemical and 
metallurgical processes. Emphasis on problems. 

Suggested Texts: 

1. Hougen and Watson, Industrial Chemical Ccdculatims. This 
text includes a number of excellent examples and problems. 

Physical Chemistry: AST-404 

For description, sec Physical Chemistry AST-403-404 listed 
under 4th Term. 


Organic Chemistry: AST-405 

Prerequisites: General Chemistry. 

The subject matter of organic chemistry is fairly well stand¬ 
ardized and there is no need to present a topical outline. Broadly 
speaking, it deals with the compounds of carbon—their preparation, 
properties and uses. It should treat the most important (from an 
industrial viewpoint) classes of aliphatic, aromatic, alicyclic and 
heterocyclic compounds. All through the course it is desirable to 
arouse the student’s interest by reference to compounds of impor¬ 
tance to industry and to point out important applications. A good 
example is synthetic rubber. 

Laboratory courses are also thoroughly organized and consist 
in the preparation of typical compounds and some simple tests for 
identification of organic compounds. 

Suggested Texts: 

1. Conant and Tishlcr, The Chemistry of Organic Compounds. 

2. J. F. Norrie, Principles of Organic Chemistry. 

Unit Operations I: AST-415 

Prerequisite; Physics, Mathematics through Integi'al Calculus. 

Fluid flow, heat transfer, evaporation, filtration, crushing and 
grinding, and introduction to diffusional operations. 

Suggeded Texts: 

1. Badger and McCabe, Elements of Chemical Engineering. 

2. Walker, Lewis, McAdams and Gilliland, Principles of Chemi- 

ced Engineering, 
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Mechanics: AST-401 

For description see Mechanics: AST-401 in Mechanical Engi¬ 
neering Curriculum No. ME-1. 

Strength of Materials: AST-401 

For description see Strength of Materials: AST-401 in Mechani¬ 
cal Engineering Curriculum No. ME-1. 

Unit Operations II: AST-416 

Prerequisite: Unit Operations I. 

Distillation, absorption, extraction, and air conditioning and 
drying. 

Suggested Texts: 

Same as in Unit Operations I. 

Elements of Electrical Engineering: AST-401 

For description see Elements of Electrical Engineering: AST-401 
in Mechanical Engineering Curriculum No. ME-1. 

Unit Operations Laboratory I: AST-417 

One seven-hour laboratory period and one conference hour for 
one term. It is suggested that a part of each period be used for 
the computations as only 4 hours are allowed for report writing per 
laboratory period. Laboratory I covers subjects treated in Unit 
Operations I. 

Thermodynamics: AST-335 

Prerequisite: Mathematics through Integral Calculus, Physical 
Chemistry. 

Definitions and fundamental concepts, first law of thermo¬ 
dynamics, second law of thermodynamics, the thermodynamic 
functions, equations of equilibrium, pressure-volume-teraperaturc 
relations of fluids, thermodynamic properties and diagrams, com¬ 
pression and expansion of gases, heat effects of physical and chemical 
processes, refrigeration, heat engines, third law of thermodynamics, 
chemical equilibria, vaporization equilibria, vaporization processes. 

The subject matter should be well illustrated by the assignment 
of numerical problems. 

Suggested Texts: 

There is no one textbook which adequately covers the various 
parts of thermod 3 mamics in which the chemical engineer 
is interested. It will probably be desirable for the teacher 
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to use a combination of texts selected from the following 
list: 

1. Ebaugh, N. C., Engineering Thermodynamics. 

2. Faires, V. M., Applied Thermodynamics. 

3. Hougen and Watson, Industrial Chemical Calculations. 

4. Keenan, J. H., Thermodynamics. 

5. Ijewis and Randall, Thermodynamics and the Free Energy of 

Chemical Substances. 

G. Weber, H. C., Thermodynamics for Chemical Engineers. 

Unit Operations Laboratory 11: AST-418 

One seven-hour laboratory period and one conference hour for 
one term. This follows the same plan as the first laboratory, but 
the experiments would lie in the field of subjects covered in Unit 
Operations II. 


Chemical Technology: AST-406 

Prerequisite: General Chemistry, Analytical Chemistry, and 
Industrial Chemical (Calculations. 

The object of this course is to give a brief survey of the most 
important processes used in chemical industry from the standpoint 
of raw materials, economics, equipment and underlying physical 
and chemical principles. A typical list of subjects treated might 
include the following: Raw materials, water supplies, fuels, coal 
products, acids, alkalies, salts, explosives, chemicals used in warfare, 
fixed nitrogen, metallurgical processes, metals, control of chemical 
processes, plastics, rubber, petroleum products, synthetic organic 
chemicals, paints and varnishes and electrochemical industries. 

The laboratory work would be largely confined to the testing 
and analysis of important industrial materials. 

Typical Tests: Proximate analysis of coal, hardness of water, 
analysis of fuel and flue gases, viscosity and specific gravity of oils, 
distillation of gasoline, heat of combustion of coal or gas, boiler 
water tests, nitrogen in explosives, pH measurements, steel analysis, 
calibration of thermocouples. A laboratory properly equipped 
might include one or two experiments on chemical processes such 
as sulphonation, nitration, oxidation and the like. 

Physical Metallurgy: AST-410 

Prerequisite: Physical Chemistry. 

Structure of metals and alloys interpreted by phase diagrams. 
The laboratory work consists chiefly in microscopical examination 
of specimens with an introduction to the preparation of specimens 
and of photomicrographs. Structure should be correlated with 
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physical properties, and it is desirable for students to be introduced 
to heat treating and mechanical testing apparatus. 

Suggested Texts: 

1. Desch, C. H., Metallography. 

2. Williams and Homerberg, Principles of Metallography. 

Chemical Engineering Problems: AST-420 
Prerequisite: Unit Operations II. 

The integration of material covered in Unit Operations, Chemi¬ 
cal Technology, Physical Chemistry, Thermodynamics, Mechanics, 
et al., by solution of comprehensive problems. Experience is also 
to be gained in searching for the physico-chemical data required. 
An excellent list of typical problems is given by O. A. Hougen, 
“Comprehensive Problems in Chemical Engineering," pp. 323-40, 
in Collected Papers on the Teaching of Chemical Engineering, pub¬ 
lished by the American Institute of Chemical Engineers, 1940. 

Suggested Texts: 

1. Perry, Chemical Engineers^ Handbook. 

ARMY SPECIALIZED TRAINING PROGRAM 
Advanced Phase 
CIVIL ENGINEERING 
Curriculum No. CE-1 




Hrs. 



Hrs. 


AST 

per 


AST 

per 

Term 4 

Nos. 

wk. 

Term 5 

Nos. 

wk. 

Mathematics. 

. .401 

5 

Str. of Mat. 

, . .401 

4 

Mechanics. 

. .401 

G 

Mat. Test. Lab.. . 

. . 401 

3 

Surv. (Elem.). 

. .407 

G 

Stress Anal. 

...413 

5 

Ele. of El. Engr.. . . 

. .401 

8 

Fluid Mech. 

. . .401 

4 

Eng. Dr.—Struct. 



Sur.—Advanced. . 

. . .408 

5 

Drafting. 

. .408 

3 

Int. Comb. Eng... 

...405 

6 


Term 6 

AST 

Nos. 

Hrs. 

per 

wk. 

Str. Design. 

.403 

7 

Water Sup. & Sewer¬ 
age. 

.403 

6 

Trans. 

.403 

6 

Foundations. 

.403 

6 

Eng. Dr.—Topo. 
Drafting. 

.409 

3 
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ARMY SPECIALIZED TRAINING PROGRAM 
Mathematics: AST-401 

For description see Mathematics: AST-401 in Mechanical Engi¬ 
neering Curriculum No. ME-1. 

Mechanics: AST-401 

For description see Mechanics: AST-401 in Mechanical Engi-- 
neering Curriculum No. ME-1. 

Surveying (Elementary): AST-407 

Measurement of distance; measurement of differences in eleva¬ 
tion; measurement of directions and angles; the stadia; traversing 
and making locations; laying out of buildings, sewers and other 
structures; methods of computation; coordinates and areas. Topo¬ 
graphic surveying, field problems illustrative of classroom topics. 

Suggested Texts: 

1. Bouchard, Surveying. 

2. Breed, Surveying. 

3. Davis, Elementary Plane Surveying. 

4. Rayner, Elementary Surveying. 

Elements of Electrical Engineering: AST-401 

For description see Elements of Electrical Engineering: AST-401 
in Mechanical Engineering Curriculum No. ME-1. 

Engineering Drawing—Structural Drafting: AST-408 

Drafting of timber and structural steel details, design and shop 
drawings, conventions and marking systems; erection diagrams, 
beam and column connections; roof and bridge truss details; plate 
girders. The emphasis on this course is to be placed on the develop¬ 
ment of the abUity to read and use engineering drawings, and on 
the rapid production of legible structural drawings. 

Suggested Texts: 

1. French, Engineering Dravying, 5th Edition. 

2. Qiesecke, Mitchell, Spencer, Technical Drawing. 

3. Schumann, Technical Drafting. 

4. Svensen, Machine Drawing. 

Strength of Materials: AST-401 

For description see Strength (ff Materials: AST-401 in Mechani¬ 
cal Engineering Curriculum No. ME-1. 
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Materials Testing Laboratory: AST-401 

For description see Materials Testing Laboratory: AST-401 in 
Mechanical Engineering Curriculum No. ME-1. 

Stress Analysis: AST-413 

Theory of Simple Structures. Reactions for fixed loads; alge¬ 
braic and graphic determination. Stresses in simple trusses; fixed 
loads; algebraic resolution of forces, graphic diagram—Bow’s 
method, algebraic method by sections—shears and moments. De¬ 
termination of loads; dead load, live load, impact, wind loads, etc. 
Parallel chord bridge trusses; method of coefficients for dead and 
moving uniform live loads, influence diagrams, impact stresses and 
maximum combinations. Bridge trusses with inclined chords; 
method of sections by moments. Wind stresses; lateral systems, 
simple portals, approximate methods, stresses in a mill building 
frame. Beams and girders; shears and bending moments, shear and 
moment diagrams. 

Suggested Texts: 

1. L. E. Grinter, Theory of Modern Steel Structures, Vol. T. 

2. Clyde T. Morris, Simple Steel Structures. 

3. Shedd and Vawter, Theory of Simple Structures. 

4. E. S. Sheiry, Elements of Structural Engineering. 

5. Sutherland and Bowman, Structural Theory. 

Fluid Mechanics: AST-401 

For description see Fluid Mechanics: AST-401 in Mechanical 
Engineering Curriculum No. ME-1. 

Surveying—^Advanced: AST-408 

Vertical and horizontal curves as related to railroads, highways 
and pipelines; measurement and computation of earthwork for con¬ 
struction operations; study of reconnaissance, preliminary and 
location surveys for rights of way; engineering astronomy; field 
problems illustrative of classroom topics, including topographic 
surveying and the determination of latitude and longitude. 

Suggested Texts: 

1. Bouchard, Surveying. 

2. Breed, Surveying. 

3. Davis, Elementary Plane Surveying. 

4. Rayner, Elementary Surveying. 
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Internal Combustion Engines: AST-405 

Principles of the design, construction and operation of internal 
combustion engines. Laboratory work to familiarize the students 
with the operation and adjustment of the internal combustion 
engine, and the calibration and use of instruments for measuring 
pressure, temperature, power, velocity, quantity of material, gas 
composition, etc. Simple tests on engines, centrifugal pumps, fans, 
and the like. 

Suggested Texts: 

1. Ensign and Lichty, The Internal Combustion Engine. 

2. Taylor and Taylor, The Internal Combustion Engine. 

Structural Design: AST-403 

Elementary design of structures in wood, steel, and concrete. 
Principles of statically indeterminate analysis, deflection of beams, 
trusses, and analysis of indeterminate structures. 

Suggested Texts: 

1. Urquhart, O’Rourke, Elementary Structural Analysis and 
Design. 

Water Supply and Sewerage: AST-403 

Principles of the design, construction and operation of public 
water supply and sewerage systems. Water purification and treat¬ 
ment. Sewage treatment. 

Suggested Texts: 

1. Babbitt, Sewerage and Sewage Disposal. 

2. Doland and Babbitt, Water Supply Engineering. 

3. Hardenbergh, Water Supply Engineering. 

4. Hardenbergh, Sewerage and Sewage Disposal. 

5. Steel, Water Supply and Sewerage. 

6. Waterman, Water Supply Engineering. 

Transportation: AST-403 

Elements of the design, construction and maintenance of high¬ 
ways, railways, and airways. 

Foundations; AST-403 

An introduction to the physical and mechanical properties^ of 
soil which govern its behavior as an engineering material. Piles 
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and pile foundations, spread footings, plain and reinforced; ordinary 
foundations; caissons; subaqueous foundations. Investigation of 
gravity retaining walls; counterforts; reinforced concrete walls. 

Engineering Drawing—Topographic Drafting: AST-409 

Principles of topographical drawings and map projections; 
methods of plotting; conventional symbols; representatives of relief 
by contours and the solution of problems related thereto; exercises 
in map making. 


ARMY SPECIALIZED TRAINING PROGRAM 
Advanced Phase 

ELECTRICAL ENGINEERING 


Curriculum No. EE-1 




Hrs. 


Hrs. 


AST 

per 

AST 

per 

Term 4 

Nos. 

wk. 

Term 5 Nos. 

wk. 

Mathematics.... 

...401 

5 

El. Circuits.414 

11 

Mechanics. 

...401 

6 

Epg. Math.403 

3 

El. Meas. 

...403 

6 

Str. of Mat.401 

4 

El. & Mag. Ph.... 

.. 405 

8 

Mat. Tes. Lab.401 

3 

Shop Pract. 

. ..40CA 

3 

Dir. Cur. Mach.409 

6 



Hrs. 


Hrs. 


AST 

per 

AST 

per 

Term 6 

Nos. 

wk. 

Term 7 Nos. 

wk. 


(Communications Specialists) 


El. & Ass. Cir., 



High Fre. & U. H. F. 


Theory & Lab.. 

. . .415 

11 

Cir. & Lab.420 

12 

El. Cir.—Tran.... 

.. .4l() 

5 

Cora. Networks.422 

6 

El. Cir.—Dis. Con. 

...417 

3 

Servo-Mech. & Con. 


Al. Cur. Mach.. . . 

.. .410 

8 

Devices.424 

6 




Rad. & Prop.426 

3 


(Power Specialists) 


A.C. Mach. 

...411 

7 

A.C. Mach.412 

9 

El. & Ass. Cir.. . . 

. .415 

10 

Servo-Mech. & Con. 


El. Cir.—Tran.... 

...416 

5 

Devices.424 

6 

Thermodynamics. 

. ..401 

5 

Int. Com. Eng.410 

6 




Int. Com. Eng.,Lab.. .411 

4 




El. Power Tran....412 

3 
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ARMY SPECIALIZED TRAINING PROGRAM 
Mathematics: AST-401 

For descriptioii see Mathematics: AST-401 in Mechanical Engi¬ 
neering Curriculum No. ME-1. 

Mechanics: AST-401 

For description see Mechanics: AST-401 in Mechanical Engi¬ 
neering Curriculum No. ME-1. 

Electrical Measurements: AST-403 

A laboratory course. Introduction to the use of electrical meas¬ 
uring instruments and methods. Laboratory technique, including 
set-up of equipment and use of hand tools for assembly and wiring 
of laboratory devices. Measurement of electric and magnetic cir¬ 
cuit quantities. 

Suggested Texts: 

\ 

1. Laws, Electrical Measurements. 

Electric and Magnetic Phenomena: AST-405 

Establishment of basic concepts of electrical engineering, and 
definition of quantities used. The electric circuit, component parts, 
relations. The magnetic circuit. Properties of magnetic materials. 
The magnetic field. Generated voltages. Forces on conductors. 
Solutions of simple circuit problems. 

Suggested Texts: 

1. Attwood, Electric and Magnetic Fields. 

2. Bennett and Crothers, Introductory Electrodynamics for Engi¬ 

neers. 

3. Strong, Electrical Engineering, Basic Analysis. 

4. Timbie and Bush, Principles of Electrical Engineering. 

Shop Practices: AST-406A 

Classification, use, and maintenance of tools; measuring and 
gaging; wood working; metal working; electric soldering iron prac¬ 
tice; soldering splices, cords, plugs, and radio equipment; torch 
soldering and welding practice. Lectures, movies, and demonstra¬ 
tions of basic manufacturing methods. 

Note: See Shop Practices AST-406 which covers more material 
than AST-406A, Requirements for AST-406A may be met by a 
choice of elements from AST-406. 
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Electric Circuits (D.C. and A.C.): AST>414 

A study of the principles of electric circuit theory. Kirchhoff’s 
Laws and network theorems applied to d.c. circuits. Alternating 
current quantities. Effective values. Exponential and complex 
numbers applied to alternating current quantities. Alternating- 
current circuits. Kirchhoff’s laws applied to alternating current 
circuits. Single-phase and polyphase circuits. Power and energy 
measurement. Network theorems. Non-sinusoidal waves of volt¬ 
age and current. Fourier scries. Harmonic analysis. 

Suggested Texts: 

Texts for D.C. circuits included in "Electric and Magnetic 
Phenomena AST-405” or "D.C. Machinery AST-409.” 

1. Kerchncr and Corcoran, Alternating Current Circuits. 

2. Tang, AlternaJting Current Circuits. 

Engineering Mathematics: AST-403 

This course is to include those topics peculiar to engineering 
problems not covered in Mathematics AST-401, and a more ex¬ 
haustive study of topics previously covered. 

Strength of Materials: AST-401 

For description see Strength of Materials: AST-401 in Mechani¬ 
cal Engineering Curriculum No. ME-1. 

Materials Testing Laboratory: AST-401 

For description see Materials Testing Laboratory: AST-401 in 
Mechanical Engineering Curriculum No. ME-1. 

Direct Current Machinery: AST-409 

A study of direct curi’ent, machines. Construction. Operation. 
Characteristics and Applications. 

Suggested Texts: 

1. Kloeffier, Breniicman, and Kerchncr, Direct Current Ma¬ 

chinery. 

2. Langsdorf, Principles of D.C. Machines. 

Laboratory: 

A laboratory study of the characteristics of direct current 
machinery. 
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Electronics and Associated Circuits, Theory and Lab.: AST-415 

Fundamentals of Electronics and application to communication 
circuits. Principles of operation of electronic devices. Analysis 
of behavior of electronic devices in circuits. Audio-frequency 
amplifiers. Radio-frequency amplifiers. Feedback. Oscillators. 
Modulation and demodulation. 

Suggested Texts: 

1. Dow, Engineering Electronics (parts of). 

2. Millman and Seely, Electronics (parts of). 

3. Reich, Theory and Application of Eleciron Tubes (pai’ts of). 

4. Terman, Radio Engineering. 

Laboratory: 

Laboratory study of electronic devices and associated circuits. 
Characteristics of vacuum and gas-filled tubes. Properties 
of circuit elements at high fretpiencies. Amplifier circuits. 
Power supplies. Oscillations. Modulators and demodulators. 

Suggested Texts: 

1. Terman, Measurements in Radio Engineering. 

Electric Circuits—Transients: AST-416 

A study of the electric circuit with special emphasis on the 
transient state. Transients in d.c. and a.c. circuits. Non-linear 
circuits. 

Suggested Texts: 

1. Guillemin, Communication Networks, Vol. I. 

2. Kurtz and Corcoran, Introduction to Electric Transients. 

3. Skilling, Transient Electric Currents. 

Electric Circuits—Distributed Constants: AST-417 

A study of the electric circuit with distributed parameters. 
Voltage and current distribution in the steady state. Character¬ 
istics of open and coaxial lines. Use of line as a circuit element. 
Use of line as a measuring device. Loading. Impedance matching 
and stubbing. 

Suggested Texts: 

1. Everitt, Communication Engineering. 

2. Ware and Reed, Communication Circuits. 
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Alternating Current Machinery: AST-410 

A study of alternating current machinery. Construction. Op¬ 
eration. Characteristics and applications. Emphasis <fti trans¬ 
formers and induction machinery. Selsyn devices. 

Suggested Texts: 

1. Dawes, Electrical Engineering. 

2. Hehrc and Harness, Electric Circuits and Machinery, Vol. II. 
Laboratory: 

A laboratory study of the characteristics of A.C. machinery. 

High Frequency and Ultra High Frequency Circuits: AST-420 

A continuation of the electronics and high ^frequency circuit 
course, and an extension into the ultra high frequency field. Special 
devices used in the generation of 7 u.h.f. Behavior of circuits at 
u.h.f. Radiation and antenna arrays. Wave guides. Homs and 
parabolas. 

Suggested Texts: 

1. Brainerd and others, Ultra-high-frequency Techniques. 

2. Reich, 7'heory and Application of Electron 'Tubes. 

3. Temian, Radio Engineering. 

Laboratory: 

A continuation of the electronics and high frequency laboratorj'’ 
with special emphasis on ultra high frequency techniques. 

Communication Networks: AST-422 

Properties and synthesis of transmission networks and filters. 
General properties of networks. Propagation and impedance func¬ 
tions. Networks as a wave filter. Derived type of filter. Com¬ 
posite filters. Corrective networks. Generalized filter theory and 
network 83 mthesis. 

Suggested Texts: 

1. Guillemin, Communication Networks, Vols. I and II. 

2. Shea, 'Transmission Networks and Wave Filters. 

Servo-Mechanisms and Control Devices: AST-424 

General treatment of automatic control devices, including me¬ 
chanical and electronic relays, thrustors, selsyn motors, amplidynes, 
and similar types of machines. 
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Suggested Texts: 

Current literature, manufacturers’ instruction bulletins, and 
lecture notes. 

Radiation and Propagation: AST-426 

Electromagnetic waves, current and voltage distribution on 
antennas, electromagnetic radiation, field distribution, directional 
antennas, propagation of electric waves, ionosphere, ground wave, 
sky wave, direct wave, fading characteristics. 

A.C. Machinery: AST-411 

An intensive study of the theory of construction and charac¬ 
teristics of Alternators, Synchronous Motors, and Transformers. 
Special attention will be given to the fundamental concepts of 
magnetomotive forces and leakage reactances which control the 
characteristics of the machine. 

Note: See A.C. Machinery: AST-412 in 7th term for continua¬ 
tion of this course. 

Suggested Texts: 

1 . Bryant, A.C. Machinenj. 

2 . Lawrence, A.C. Machinery. 

3. Langsdorf, A.C. Machinery. 

4. Richstein and Ix)yd, A.C. Machinery. 

Thermodynamics: AST-401 

For description see Thermodynamics: AST-401 in Mechanical 
Engineering Curriculum No. ME-1. 

A.C. Machinery: AST-412 

A continuation of AST-411 covering polyphase and single phase 
induction motors, synchronous convertors, polyphase rectifiers, and 
variable speed alternating current motors. 

Note: See A.C. Machinery: AST-411 in 6th term for preliminary 
course. 

Suggested Texts: 

Same as A.C. Machinery: AST-411. 

Internal Combustion Engines: AST-410 

For description see Internal Combustion Engines: AST-410 in 
Mechanical Engineering Curriculum No. ME-1. 
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Internal Combustion Engines Laboratory: AST-411 

For description see Internal Combustion Engines Laboratory: 
AST-411 in Mechanical Engineering Curriculum No. ME*1. 

Electric Power Transmission: AST-412 

A study of the electrically long power circuit. Current and 
voltage distribution. Power flow and power limits. Introduction 
to stability. Voltage regulation and adjustment. 

Suggested Texts: 

1. Loew, Electrical Power Transmission. 

2. Woodruff, Electric Power Transmission. 
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Advanced Phase 

MECHANICAL ENGINEERING 
Curriculum No. ME-1 


Term - 

AST 

Nos. 

Hrs. 

per 

wk. 

Term - 

AST 

Nos. 

Hrs. 

per 

wk. 

Mathematics. 

. .401 

5 

Str. of Mat. 

.401 

4 

Mechanics.. . 

..401 

6 

Mat, Test. Lab.... 

. .401 

3 

Thermo. 

. .401 

5 

Int. Com. Eng. 

.410 

6 

Engr. Draw.. . 

. .406 

4 

Mech. Lab. 

, .420 

3 

Shop Pract.. .. 

. .406 

6 

Kinematics. 

.402 

6 


Term- 


Met. & Heat Treat.. 

Hrs. 

AST per 

Nos. wk. 

.430 

4 


Mech. Vib.410 3 

Mach. Design.408 9 

Fluid Mech.401 4 

Int. Com. Eng., Lab. .411 4 

Ele. of El. Engr.401 8 

ARMY SPECIALIZED TRAINING PROGRAM 
Mathematics: AST-401 
Prerequisite: Differential Calculus. 

Formal integration completed with further application, including 
pressure and work. Radius of Curvature. Curvilinear Motion. 
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Infinite S'eries; (o) Convergence and Divergence, (b) Maclaurin and 
Taylor Series, (c) Applications to Computation. Partial Differ¬ 
entiation with applications. Double and triple integration. Cen¬ 
ters of gravity. Moments of inertia. Differential equations: 
(a) Linear of first order, (6) Second order with constant coefficients; 
particular integral to be found by method of undetermined coeffi¬ 
cients. In differential equations, as throughout the whole work 
in calculus, emphasis is to be placed on applications to physical 
problems. 

Suggested Texts: 

1. Granville, Smith, and Longley, Differential and Integral Cal¬ 

culus. 

2. Love, Differeniial and Integral Calculus. 

3. Miller, Calculus. 

4. Sherwood and Taylor, Calculus. 

Mechanics: AST-401 

Statics: Scalers and vectors; re^jlution and composition of forces; 
moment of forces; couples; resultants of force systems, algebraically 
and graphically; equilibrium of force systems, algebraically and 
graphically; bridge trusses. Friction: laws and applications. First 
and second moments. 

Dynamics: Linear and angular displacements, velocities and 
accelerations of particles and rigid bodies, motion of projectiles; 
relative motion; Newton’s Laws as applied to bodies in translation, 
rotation and plane motion. Work-kinetic energy relationship for 
bodies in translation, rotation, and plane motion. Power and 
efficiency of machines. Impulse-momentum relationships of bodies 
in translation, rotation and plane motion. Conservation of mo¬ 
mentum. 

Suggested Texts: 

1. Boyd, Mechanics. 

2. Brown, Engineering Mechanics. 

3. Fairman and Cutshall, Engineering Mechanics. 

4. Maurer and Roark, Technical Mechanics. 

5. Poorman, Applied Mechanics. 

6 . Seely and Ensign, Analytical Mechanics for Engineers. 

Thermodynamics: AST-401 

The object of this course is especially to prepare the students 
for the study of the internal combustion engine and the gas turbine. 
The theoretical topics are mentioned. The order in which topics 
are mentioned is not intended to be the order of their presentation. 
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Each teacher will prefer his own time table. Some of the topics 
must obviously be treated briefly. 

Gas laws. The ideal gas equation of state. The gas constant, 
universal and individual. The pressure-volume, temperature- 
volume, and pressure-temperature diagrams. 

Energy and the energy law. Heat and work. Specific heats 
and their ratio and difference. Adiabatic processes. Polytropic 
processes. Air compression and the compressed air engine. 

The Carnot cycle, as the standard of excellence, as the basis of 
the absolute scale of temperature, and as the index of ideal avail¬ 
ability. Entropy and unavailability. The temperature-entropy 
diagram. Reversibility. The heat pump. 

The Brayton, Otto, and Diesel cycles, with brief mention of 
their execution in internal combustion engines and the gas turbine. 

Steady flow processes and equations (energy, and continuity). 
The enthalpy-entropy and enthalpy-volume diagrams. Nozzles for 
metering, for the jet pump, and for the turbine. 

Liquids and vapors. Two-phase states. Steam tables and 
charts. Steam power. Vapor refrigeration. 

Mixtures of gases and of gas vapor. Dalton's law of partial 
pressures. Gas analysis. Atmospheric humidity. Psychrometric 
chart. Air conditioning. 

Suggested Texts: 

1 . Barnard, Ellen wood, and Hirshfeld, Elements of Head-Power 

Engineering. 

2 . Kllenwood and Mackey, Vapor Charts. Gives charts for 

steam, liquid water, ammonia. Freon 12, psychrometric 
chart, and tables for barometer correction, for jet veloc¬ 
ity, and squares of numbers. 

3. Faires, V. M., Applied Thermodynamics. 

4. Keenan and Keyes, Thermodynamic Properties of Steam. 

5. Kiefer and Stuart, Principles of Engineering Thermodynamics. 

0 . Marks, Lionel S., Mechanical Engineers' Handbook, Fourth 

Edition, Sections 4, 7, 9, 14, 16. 

7. Young and Young, Elementary Engineering Thermodynamics. 

Engineering Drawing: AST-406 

Detail and assembly drawings: Simple mechanisms and machines 
—representation, idioms, conventions, specifications and reading. 
Empirical drawings and charts. Jigs and Fixtures (basic principles). 

Suggested Texts: 

1. PVench, Engineering Drawing. 

2. Giesecke, Mitchell, Spencer, 7'echniccU Drawir^. 
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3. Jordsn End Hoelscher, Engineering Drawing. 

4. Meadowcroft, Aircraft Detailed Drafting. 

5. Schumann, Technical Drafting. 

6 . Svensen, Machine Drawing. 

Shop Practices: AST-406 

Objective: This laboratory course in shop thtjory and practice is 
intended not to produce manual skill but to acquaint the student 
with the principles of operation, capabilities, and limitations of the 
machine tools; and processes used in the construction, maintenance, 
and repair of mechanical equipment in order that he may be better 
qualified to supervise the maintenance and repair of military equip¬ 
ment in the field. 

The course content should include: (1) theory and practice of 
welding by gas and electric arc; limitations and applications to 
construction repair; (2) forging and heat treating of small parts; 
(3) hand tools and bench work including use of the hammer, file, 
chisel, taps, and dies; (4) sheet mptal layout, cutting and forming; 
(5) theory and operation of machine tools. Lathes, milling, ma¬ 
chines, shapers and planers, grinders; (6) measurement and meas¬ 
uring instruments such as scales, calipers, gages, micrometers, 
verniers. 

Suggested Texts: 

No textbook is suggested. The course should be taught by the 
lecture-demonstration method with an opportunity for each 
student actually to do the operations. Excellent training 
films are available from the United States Office of Educa¬ 
tion and from the Signal Corps of the United States Army. 
Schools having inadequate laboratory facilities should make 
extensive use of such films. 

Strength of Materials: AST-401 

Stresses and strains in tension, compression and shear—^riveted 
and welded joints—shear and moment in beams—design of simple, 
cantilever and continuous beams for strength and stiffness—beams 
of two or more materials—resilience of beams—combined flexural, 
tensile, compressive, and shearing stresses. Design of columns. 

Suggested Texts: 

1. Boyd, Strength of Materials. 

2. Laurson, Cox, Mechanics of Materials. 

3. Maurer, Withey, Strength of Materials. 

4. Foorman, Strength of Materials. 
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5. Seely, Resistance of Materials. 

6 . Timoshenko, Strength of Materials. 

Materials Testing Laboratory: AST-401 

The course is designed to study in the laboratory, by means of 
tests, engineering materials as related to their use in machinery and 
military equipment. Recognized methods of testing, as used in 
inspection of ordnance materials, should be followed. Students 
should become familiar with such methods as are described in 
Federal Specifications QQ-M-151a for metals, A.S.T.H. Specifica¬ 
tions, etc. 

Problems suggested for inclusion are: 

1. Study of hydraulic and lever-type testing machines, includ¬ 

ing calibration. 

2. Strain measuring gagcis of .several types. 

3. Tests of steel in tension for such properties as: proportional 

limit, yield point, yield strength, .stiffne.ss, ductility. 

4. Acceptance type test of metals in tension. 

5. Fh;xurc test of ductile metal. 

0. Torsional shear of metal. 

7. Hardne.ss: Rockwell, Brinell, Scleroscope. 

8. Compression of short and long columns. 

9. Impact: Izod, Charpy. 

10. Flexure of wood beams. 

11. Welded joints. 

12. Helical springs. 

Suggested Texts: 

1. American Society for Testing Materials, Selected Standards 

for Students in EngineeHng. 

2. Davis, Troxell, Wiskocil, Testing and Inspection of Engineer¬ 

ing Materials. 

3. Gilkey, Murphy, Bergman, Materials Testing. 

4. Superintendent of Documents, Washington, D. C., Federal 

Specifications, QQ-M-151a, Metals, General Specifications 
for Inspection of. 

Internal Combustion Engines: AST-410 

Fuels and combustion: petroleum products and properties; com¬ 
bustion mixture requirements; explosive limits. Heat transfer by 
radiation, conduction and convection. Spark ignition engine: Otto 
cycle; standard air cycle; fuel-air cycle; carburetion (float and 
pressurized); combustion and flame travel. Detonation and deto¬ 
nation suppressors; heat transfer; valve gear and 'Valve timing; 
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ignition systems and spark timing; gear and turbo supercharging of 
aircraft engines; engine performance characteristics. Compression 
ignition engine; diesel cycle; fuel injection systems; combustion 
and combustion chambers; diesel knock; injection timing; diesel 
supercharging; engine performance characteristics. Gas turbines: 
gas turbine cycles, closed and open; heat exchangers; fuels and com¬ 
bustion chambers; temperature and pressure limitations; effect on 
efficiency of turbine, compressor and heat exchanger performance. 

Suggested Texts: 

1 . Lichty, The Internal Combustion Engine. 

2. Taylor and Taylor, The Internal Combustion Engine. 

% 

Mechanical Laboratory: AST-420 

The object of this course is to familiarize the student with the 
instruments and techniques used in studying the performance of 
mechanical equipment, and to actpiaint the student with the prin¬ 
ciples of operation and with the performance of such equipment 
through direct contact. Calibration and use of instruments for 
measuring pressure, temperature, power, velocity, quantity of mate¬ 
rial, gas composition, etc. Simple tests on engines, centrifugal 
pumps, fans, and the like. A.S.M.E. Power Test Codes for various 
machines and chapters on Instruments and Apparatus should be 
helpful. 

Kinematics: AST-402 

Composition and resolution of vectors; relation between linear 
and angular displacement; velocities; accelerated rectilinear motion; 
tangential and normal acceleration; relative motion. Transmission 
of motion; kinematic chains; nature of rolling and sliding; conditions 
for pure rolling; positive driving. Analysis of plane motion; linear 
and angular velocities; velocity and acceleration graphs. Cams; 
displacement, velocity and acceleration graphs. Rolling curves and 
friction gearing. Straight and helical spur gears; terminology; 
forms of teeth; interchangeability; interference of involute teeth; 
specific sliding and velocity of sliding; selection of cutters; strength, 
wear and noise of gear teeth; internal involute gears. Methods of 
cutting and generating straight and helical spur gears. Straight 
and spiral bevel gears. Helical and hyperboloidal gears. Worm 
and worm wheel. Linkwork and miscellaneous mechanisms; four- 
link; slider crank; quick return; straight line; pantographs; Hooke’s 
coupling; ratchets and escapements. Belt, rope and chain trans¬ 
mission; belt tension and power; length of belt; cone pulleys; speed 
cones; V-belt drives; rope drives; transmission chains. Trains of 
mechanism; sliding gears; clutches; idler gears; reversing mecha- 
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nisms; change gear mechanism; wheel trains; cyclic trains; reverted 
cyclic trains. 

Suggested Texts: 

1. Alvert, Rogers, Kinematics of Machinery. 

2. Guillet, Kinematics of Machines. 

3. Heck, Mechanics of Machinery. 

4. Kcown and Faires, Mechanism. 

5. Schwamb, Merrill, James, Elements of Mechanism. 

Metallography and Heat Treatment: AST-430 

The objective of this course is to familiarize the student with 
metals, their properties, heat treatment, limitations and correct 
application, and to provide him with a background of information 
necessary for inspection work and for the supervision of the repair 
and maintenance of military equipment. Fundamental^ of heat 
treatment: pure metals, solidification, hot and cold working, anneal¬ 
ing, alloy formation and alloy systems. Bearing alloys. Light 
alloys: aluminum and magnesium base. Copper alloys: brasses, 
bronzes, etc. Carbon steels: carbon free iron, iron-carbon alloys, 
impurities, classification of steels, heat treatment, hardening. Low 
and medium alloy steels: composition, structure, heat treatment, 
applications. Surface treatment of steels: surface hardening, hard 
surfacing, protective coatings. Steel castings: composition, heat 
treatment, applications. Welding. Brazing and soldering. Cast 
irons: composition, structure, properties and applications. Heat 
and corrosion resistant steels. Wear resistant steels. Tool steels. 
Machinability. 

Suggested Texts: 

1 . Heyer, R. H., Engineering Physical Metallurgy. 

2. Sisco, F. T., Modern Metallurgy for Engineers. 

Supplementary Text Material: 

a. Aluminum Company, Alcoa Aluminum and Its Alloys. 

b. Aluminum Company, Aluminum in Aircraft. 

c. Aluminum Company, Machining Aluminum. 

d. Aluminum Company, Welding A luminum. 

e. Aluminum Company, Finishes for Aluminum. 

f. Chase Brass & Copper Company, Commercially Important 

Wrought Copp&r Alloys. 

g. Dow Chemical Company, Dowmetal Magnesium Alloys. 

h. Revere Copper Company, Revere Copper and Copper 

Alloys. 

i. Mimeographed Material on NE Steel Pamphlets, Pre¬ 

pared by Department. * 
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Mechanical Vibrations : AST-410 

Kinematics of vibration, harmonic and non-harmonic; systems 
of single, two, and many degrees of freedom; free and forced vibra¬ 
tions, with and without damping, applications, slider crank mecha¬ 
nisms, rotative machinery, balancing. Self-excited vibrations, non¬ 
linear characteristics, vibration measuring instruments, balancing 
machines. 

Machine Design: AST-408 

Stresses in machine parts; properties of materials; screw fasten¬ 
ings; keys, small pins and cotters; systems of fits with tolerances 
and allowances; welded joints; springs; bearings and their lubrica¬ 
tion; brakes; screws for power transmission; shafts; couplings; belt 
drive; chain drive; crank shafts; flywheels; friction gearing; toothed 
gearing; machine frames. 

Suggested Texts: 

1. Albert, Machine Design Drawing Room Problems. 

2. Bradford and Eaton, Machine Design. 

3. Hyland and Kommers, Mackine Design. 

4. Kimball, Barr, Elements of Machine Design. 

5. Leutwilcr, Elements of Machine Design. 

6 . Maleev, Machine Design. 

7. Vallence, Design of Machine Members. 

Fluid Mechanics: AST-401 

Physical properties of common fluids such as density, viscosity, 
compressibility; fluid statics—^pressure forces on submerged bodies, 
pressure gages, flotation; general study flow relations—streamlines, 
continuity equation, energy equation, flow meters; dynamic lift, 
magnus effect, deflecting forces on projectiles, flow of incompressible 
and compressible fluids in pipes and around bodies such as air foils; 
laminar and turbulent flow; elementary exterior ballistics; types of 
flow above and below the velocity of sound; shock waves, resistance 
of projectiles, compressibility effects on a bullet in flight; elementary 
acoustics, sound propagation, magnitude of velocity of sound, sound 
detectors, sound ranging; construction, operation and performance 
of pumps, fluid couplings, torque converters, pressure intensifiers, 
hydraulic control systems for operating shock absorbers, gun turrets, 
recoil mechanisms, retractable landing gears and numerous other 
military applications. « 

Suggest Texts: 

1. Dodge, R. A., and M. J. Thompson, Fluid Mechanics. 

2. Drysdale, C. V., A. Ferguson and others, The Mechanical 

Properties of Fluids. 
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3. Jameson, A. H., An Introduction to Fluid Mechanic. 

4. Murphy, G., Mechanics of Fluids. 

5. O'Brien, M. P., and G. H. Hickox, Applied Fluid Mechanics. 

6 . Vennard, J. K., Elementary Fluid Mechanics. ' 

Internal Combustion Engines Laboratory: AST-411 

The object of this course is to give the students familiarity with 
the operation and adjustment of the internal combustion engine, 
and to show them the influence of various operating conditions. 
Performance tests of spark ignition and diesel engines on dynamom¬ 
eter. Effects on capacity and efficiency of speed, throttle opening, 
fuel-air mixture. Fuel rating by C.F.R. engine. 

Elements of Electrical Engineering: AST-401 

« 

The study of conductor materials in the form of wires of circular 
or rectangular cross section from the standpoint of resistance, wire 
tables, and allowable current capacity as proscribed by the Under¬ 
writers Laboratory. Use of ammeters, voltmeters, wattmeters and 
associated equipment to measure current, voltage and power in 
either DO or AC circuits. Circuits and connections of various 
types of generators such as separately excited, .self excited and 
compound DC generators; single phase and polyphase AC) gener¬ 
ators with trouble shooting hints and specific applications of each 
typo. Circuits, connections and operating characteristics of motors 
such as shunt, scries and compound DC motors; AC single phase 
repulsion, repulsion start induction run, capacitor, shaded pole and 
split phase types; three phase squirrel cage, double squirrel cage, 
wound rotor and synchronous motors with trouble shooting hints 
and specific applications of each type with the starting equipment 
necessary. Connection and operation of transformers when con¬ 
nected single phase and polyphase star, delta and open delta. 

Laboratory: 

The laboratory will cover the material as outlined above. 
Suggested Texts: 

1 . Blalock, Principles of Electrical Engineering. 

2. Cook, Elements of Electrical Engineering. 

3. Dawes, Chester L., Industrial Electricity, Parts 1 and 2. 

4. Gray and Wallace, Principles and Practice of Electrical Engi¬ 

neering. 

5. Hausmann, Erich, Swope's Lessons in Practical Electricity. 

C. Kerchner and Corcoran, Alternating Current Circuits. 

7. Loew, Direct and Alternating Currents. 

8 . Tang, Alternating Current Circuits. 
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Advanced Phase 

Curriculum No. SEl 
SANITARY ENGINEERING 
Prerequisite 

The course in Sanitary Engineering (Terms 7, 8) is predicated 
on the successful completion of the Army Specialized Training 
Program Advanced Phase Curriculum No. CEl, Civil Engineering 
(Terms 4, 5, 6), or its equivalent. Equivalency can be determined 
as follows: 

1 . Testing of selected applicants or applicants who had partially 
completed a college course in engineering. 

2. A selected applicant or applicant holding a degree in Civil 
Engineering from an accredited college. 

7th 'I'ertn 

Total 

Contact Hours 

Subject per week* 

Sanitary Chemistry; AST-245. 9 

Sanitary Bacteriology: AST-960. 9 

Hydrology: AST-962. 3 

Parasitology: AST-961.6 

Drainage: AST-963. 3 


Recommended 

Distribution 


Class 

3 

3 

3 

2 

3 


Lab. 

6 

6 

0 

4 

0 


Total 


30 


8th Term 


Sanitary Conference: ASTr968. 4 

Water Treatment: AST-964.9 

Sewage Treatment and Disposal: 

AST-965. 9 

Sanitation: AST-967. 4 

Epidemiology: AST-966.3 


14 16 


4 0 

3 6 


3 6 

4 0 

3 0 


Total.29 17 12 

* Required by contract. 


Sanitary Chemistry: AST-245 

Elementary organic chemistry; chemical methods for the exami¬ 
nation of water and sewage; applications of principles for the con¬ 
trol of water purification and sewage treatment plants. 
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Suggested Texts: 

1. Adkins, McEhain, Elements of Organic Chemistry. 

2. Theroux, Eldrige, Mailman, Analysis of Water and^ Sewage, 

Sanitary Bacteriology: AST-960 

Elementary bacteriology with emphasis placed on the roles of 
bacteria in public health; bacteriological methods used in the ex¬ 
amination of water and the control of water treatment plants. 

Suggested Texts: 

1 . Prescott, Winslow, Elements of Water Bacteriology. 

2. Tanner, Practical Bacteriology. 

Hydrology: AST-962 

Occurrence and distribution of water by natural processes. 
Analysis of climatological and stream flow data. Storage problems. 

Suggested Texts: 

1 . Mead, Hydrology. 

2. Meyer, Elements of Hydrology. 

Parasitology: AST-961 

Fundamental principles involved in the control of belminthes, 
protozoa, insects, and rodents related to human welfare. 

Suggested Texts: 

1 . A.A.A.S. Science Press, Symposium on Human Malaria. 

2. Belding, Clinical Parasitology. 

3. Craig, Laboratory Diagnosis of Protozoan Diseases. 

4. Pearson, Sanitary Entomology. 

Drainage: AST-963 

Fundamental principles of land drainage with particular refer¬ 
ence to mosquito control by drainage. 

Suggested Texts: 

1. Pickles, Drainage and Flood-Control Engineering. 

Sanitary Conference: AST-968 

Seminar on assigned readings and field trips. Emphasis will be 
placed on sanitation problems peculiar to tropical climates. 

Suggested Texts: 

Reference library. 
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Water Treatment: AST-964 

Study of methods and processes used for the production of safe, 
portable water for human consumption. 

Suggested Texts: 

1 . Manual Am. Soc. C.E., WcUer Treatmmt Plant Design. 

2. Manual A.W.W.A., Water Quality and Treatment. 

Sewage Treatment and Disposal: AST-965 

Fundamental principles involved in the treatment and disposal 
of human excreta. 

Suggested Texts: 

1. Babbitt, Sewerage and Sewage Treatment. 

2. Imhoff and Fair, Sewage Treatment. 

Sanitation: AST-967 

Fundamental principles involj(:ed in the elimination and control 
of sanitary hazards in the environment with particular emphasis on 
problems involving mosquitoes, flies, refuse disposal, and plumbing. 

Suggested Texts: 

1. Dunham, Military Preventioe Medicine. 

2. Ehlers and Steel, Municipal and Rural Sanitation. 

3. Ilardenbergh, Mosquito Eradication. 

Epidemiology: AST-966 

The more common communicable diseases; methods and prob¬ 
lems involved in epidemiological investigations. 

Suggested 7'e.rts: 

1. Dunham, Military Preventive. Medicine. 



THE NAVY COLLEGE TRAINING PROGRAM 

By IVAN (\ CRAWFORD 
Dean, College of l^aigineering, University of Michigan 

I’he objcctivo of the Navy Collego Training Program, V-12, is 
‘'to prepare officer material for the various branches of the Naval, 
Marine, and Coast Cuard s(irvices, including aviation cadets, en- 
ginecjr and deck offic(‘rs, engineer specialists, medical and dental 
officers, Supply Corps officers.” This objective, is to be accom¬ 
plished by (1) choosing the best qualified young men available, and 
(2) sending those candidates to selected colleges and universities 
for training. 

The following notes cover the general program. Only the cur¬ 
ricula schedules of the engineering division of the program are shown. 

Selection' of Sttjde.nts 

Students from civilian life are to be selected by a pri)C(vss which 
includes; (1) the passing of a qualifying test designed by the Nav}^ 
J3epartment and administered at local or nearby schools or colleges; 
(2) interviews at the nearest office of Naval Officer Procunmient “to 
determine potential officer-like qualities,” and a physical examina¬ 
tion; and (3) review of records by a selection committee composed of 
an educator, a representative civilian, and a Naval officer. The 
decision of this committee will be final. 

Properly qualified enlisted men now on duty in the Navy may 
enter the program upon approval of applications by their command¬ 
ing officers and the passing of the general classification test or a 
comparable test dcsignatcxl by the Bureau of Naval Personnel. 

Lengths of Training Periods 

Sixteen weeks is the length of the term in this program. Avia¬ 
tion candidates remain in college for two terms; deck candidates, 
four terms; engineer candidates, general, six terms; and engineer 
specialist candidates, eight terms or 128 weeks. 

For the last group, engineer specialist candidates, the length of 
the college course rather closely approximates the normal time re- 
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(]uircd for a degree. It should be noted that these students, and 
all students in the program, will be required to spend 52 to 58 hours 
per week in class, laboratory, and preparation. 

The term starting dates will be on or about July 1, November 1, 
1943, and March 1, 1944. 

('OuusE Descriptions 

The courses of the jirogram have been molded so as to conform 
rather closely to those which arc stamlard in the (’ngineering colleges 
of the nation. In a few cases, departures have been made from the 
standard where the interests, of the Navy demanded the inclusion of 
new matter or the exclusion of subject matter not closely related to 
th(' program. The course descriptions conform to the usual college 
style of writing such descriptions, although in general they are 
somewhat more detailed. It is expected that institutions will ex¬ 
pand and amplify the minimum outlines presented within the scope 
of their facilities and the time limits imposed. All descriptions were 
written with the aid of specialists in the fields covered. 

The titles appearing in the following curricula schedules indicate 
in a general way tlui subject matter contained in the course. How¬ 
ever, the Structures series in the (.^ivil Engineer Corps curricula 
require some explanation. Structures I is Structural Analysis; 
Structures II, Theory of Reinforced Concrete; Structures III, Ele¬ 
mentary Stmclural Design in Steel and Wood; Structures IV, Con¬ 
crete Structures and Foundations; and Sti-uctures V, Advanced 
Structural Steel Design. Electrical Engineering 1 and II are the 
courses in this subject usually offered to non-electrical engineering 
students. 

Students who have previously completed courses of the prescribed 
curricula and who can demonstrate this to the satisfaction of the 
institution they arc attending will be permitted to make proper 
substitutions in their programs. 

Examinations, Texts, Credits 

Each institution taking part in the program will set examinations 
for the various courses offered according to its own practices. In 
this connection, it should be noted that near the end of the second 
term of the first college year, the Navy Department will give a 
qualifying examination to all students. 

The selection of textbooks is left to the college, with the provision 
that those adopted must be generally recognized as standard. 
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Each institution will determine whether or not credit toward a 
degree shall be given for the completion of courses in the various 
curricula. Inasmuch as the content of these courses is practically 
equivalent to that of standard college courses in the same'subjects, 
it is expected that credit will be given quite generally. 

Extra-Ourricular Activities 

Students of tlie V-12 program will be permitted to participate 
in extra-curricular activities the same as civilian students in so far 
as this participation does not interfere with prescribed hours or 
courses of study. These students will also be permitted to take 
part in all college athletics on the same basis as civilian students 
within the limits noted above. 

Students in the program will be allowed to join all previously 
established organizations or fraternities on the Campus which are 
available to all students on the same terms, 'i'hey will not be per¬ 
mitted to establish or join any activity or organization in which 
membership is not available to all students, civilian or enlisted, on 
the campus, or which might be inimical to Naval interests. 

The Navy College Training Program has been developed in the 
Training Division of the l^ureau of Naval Personnel with the cooper¬ 
ation of the several bureaus of the Navy Department and of a 
number of civilian consultants, among them the writer. 
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First College Year 

The cumculum is designed for the following types of officer 
candidates: 

A-V(N) Aviation Candidates. 

CEC-V(S) Civil Engineer Corps Candidates. 

CC-V(S) Construction Corps Candidates. 

D-V(G), D-V(S), C-V(S) Deck Candidates. 

E-V(G) Engineer Candidates. 

B}-V(S), O-V(S), A-V(S) Engineer Specialist Candidates. 

(а) Mechanical, Steam Engines. 

(б) Mechanical, Internal-Combustion Engines. 

(c) Electric, Power. 

(d) Electric, Communication. 


Periods per weekf 
1st term Und term 


Mathematical Analysis I or III, II or IV. *5 (5) *5 (.5) 

English I-II.. 3 (3) 3 (3) 

Historical Background of Present World War. 

I-II. 2 (2j 2 (2) 

Physics I, II. 4 (6) 4 (6) 

Engineering Drawing and Descriptive (geometry 2 (6) 2 (6) 

Naval Organization I, II. 1 (1) 1 (1) 

17(23)“ 17(23) 

Physical Training. 2 (6)_2 (6) 


19 (29) 19 (29) 

Second College Year 
Curriculum I. CEC-ViS). Civil Engineer, Corps 


Candidates. 

Calculus I, II. 4 (4) 4 (4) 

Chemistry la-Ila and Engineering Materials. . 4 (6) 4 (6) 

Analytical Mechanics I, II. 6 (5) 

Surveying—Plane and Geodetic. 3 (7) 5(11) 

Naval History and Elementary Strateg,v. 3 (3) 

Psychology I—General. 3 (3) _ 

17 (23) 18 (26) 

Physical Training. 2 (6) _ 2 (6) 

19 (29) 20 (32) 


* Mathematical Analysis I, II—combination course in mathematical analysis 
for students entering with 2 or less units of mathematics. Mathematical Analysis 
HI, IV—algebra, trigonometry, and analytical geometry; or analytical geometry 
and calculus for students entering with 2i or more units of mathematics. 

t N(de: Figures in parenthesis indicate contact hours per week in class and 
laboratoiy. Figures outside of parenthesis indicate the number of meetings per 
week in class and laboratory. 
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Periods per week* 

1st term 2nd term 

(’UIIRICULUM II. rr-l\N). (’onstruclian Ctvps 


Camiidatrs. 

Calculus I, J1. 4 (4) I (4) 

Chemistry la-llu, and KiiKineering Materials . 4 (6) 4 (6) 

Analytical Mechanics I, II. •'>(•'>) 

Kcononiics I-II, Principles of . 3 (3) 3 (3) 

Naval History and Klementary Strategy 3 (3) 

Kinematics. 2 (4) 

Psychology I—General. 3 (3 ) 

17(19)' IS (22) 

Physical Training.... .2 (6) 

19 (25)' 20 {2S) 

(^onwcuLUM III. D-ViO), D-V{S), C-V{S). Dirk 
Candidates, 

Navigation and Nautical Astronomy I, II... 3 (3) 3 (3) 

Chemistry la-IIa, and Engineering Materials . 4 (0) 4 (6) 

Elementary Heat Power. 3 (5) 

Electrical Engineering (A)—Elementary 3 (5) 

Calculus I, II, and Analytical Mechanics 1.. 5 (.")) 5 (5) 

Naval History and Elementary Strategy. 3 (3) 

Psychology I—General.... 3 (3) 

Ts'eiiT) rs'(^~ 

Physical Training.. . 2 (fi) 2 (6) 

2() (2S) ^'^ST 

CuBBicifLUM IV'. E-V{G). En^-neer Candidates. 

Calculus I. 11. 5 (5) 3 (3) 

Navigation and Nautical Astronomy I, II.. 3 (3) 3 (3) 

Chemistry la-IIa, and Engineering Materials . 4 (0) 4 (ti) 

Naval History and lOlementary Strategy.. 3 (3) 

Analytical Mechanics I. II. 5 (5) 

P 83 'chology I—General... 3 (3) 

Hydraulics and Hydraulic Machinery 3 (5) 

IS (2(')) 18 (22) 

Physical Training. 2 (6) 2 (6) 


20 ( 26 ) 20 ( 28 ) 

* Note: Figures in parenthesis indicate contact hours per week in class and 
laboratory. Figures outside of parenthesis indicate the number of meetings per 
week in class and laboratory. 
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Periods per week* 

1st term 2nd term 

CnHRicuLUM V. £-F(.S), 0-ViS), Engi¬ 

neer Specialist Candidates. 

(а) Mechanical, Steam Engines. 

(б) Mechanical, Internal-Combustion 

Engines. 

(c) Electric, Power. 

(d) Electric, Communication. 

Calculus I, II. 4 (4) 4 (4) 

('hemistry lu-IIa, and Engineering Materials.. 4 (6) 4 (6) 

Analytical Mechanics I, II. .5 (5) 

Economics I-II, Principles of. 3 (3) 3 (3) 

Naval History and Elementary Strategy. 3 (3) 

Kinematics (a, b) or Calculus III—^Differential 

liquations (c, d). 2 (2 or 4) 

Psychology I—General (a, b) or Electricity and 

Magnetism (c, d). 3 (3 or 5) _ 

'l7 (19 or 21) 18 (20 or 22) 

Physical Training. 2 (6)_2 _ (6) 

19 (25 or 27) 20 (26 or 28) 

Third College Year 
Curriculum I. CEC-V(S). Civil Engineer Corps 


Candidates. 

Thermodynamics la and Heat Power la. 3 (3) 3 (5) 

Electrical Engineering I, II . 3 (5) 3 (6) 

Stren^h of Materials 1. 3 (3) 

Materials Ijaboratory 1. 3 (7) 

Fluid Mechanics. 3 (6) 

Curves and Earthwork. 3 (5) 

Structures I, II, III. 5 (7) _6 (10) 

17 (23) 18 (32) 

Physical Training. 2 (6) _ 2 (6) 

19 (29) 20 (38) 

Curriculum II. CC-V{S). Construction Corps 
Candidates. 

Thermodynamics I and Heat Power 1. 5 (5) 5 (9) 

Electrical Engineering I, II. 4 (6) 4 (6) 

Strength of Materials 1. 3 (3) 

Materials Laboratory 1. 3 (7) 

Fluid Mechanics. 3 (5) 

Mechanical Processes. 3 (3) 

Structures la, Ha. 3 (5) _ 3. (5) 

18 (22) 18 (32) 

Phjrsical Training. 2 (6) _ 2 (6) 

20 (28) 20 (38) 


* Hide: Figures in parenthesis indicate contact hours per week in class and 
laboratory. Figures outside of parenthesis indicate the number of meetings per 
week in class and laboratory. 
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Periods per week* 



1st term 

2nd term 

Curriculum III. E‘V{G). Engineering 

Condi- 



dates. 



0 

Thermodynamics I and Heat Power I. . 


5 (5) 

5 (9) 

Electrical Engineering 1,11. 


3 (5) 

3 (5) 

Strength of Materials la. 


3 (6) 


Kinematics and Design I, II. 


3 (5) 

3 (5) 

Naval Machinery. 



3 (5) 

Radio Engineering I-II. 


2 (4) 

2 (4) 

Economics I-II, Principles of. 


2 (2) 

2 (2) 



18 (26) 

18 (30) 

Physical Training. 

. 

2 (6) 

2 (6) 



20 (32) 

20(36) 

Curriculum IV. E~V{.S), A-V{,S), 0-ViS). 

Engi- 



neer Specialiat Candidates. 




(a) and (b) Steam and Intemal-Combus- 

« 


tion Engines. 




Thermodynamics I and Heat Power I.. 


5 (5) 

S (9) 

Electrical Engineering I. II. 


4 (6) 

4 (6) 

Strength of Materials I. 


3 (3) 


Materials Laboratory I. 



3 (7) 

Machine Design. 


3 (5) 


Fluid Mechanics. 



3 (6) 

Mechanical Processes. 

. 

3 (3) 


Mechanics of Machinery. 



3 (5) 



18 (22) 

18 (32) 

Physical Training. 


2 (6) 

2 (6) 



20 (28) 

20(38) 

Curriculum V. E-V(S), A~V(S), 0-V(S). 

Engi- 



neer Specialist Candidates. 




(c) Electric, Power. 




Electric and Magnetic Circuits I-II.... 


5 (9) 

5 (9) 

D.C. Machinery and Storage Batteries I 



5 (9) 

Thermodynamics la and Heat Power la 


3 (3) 

3 (5) 

Strength of Materials 1. 


3 (3) 


Materials Laboratory la. 



2 (4) 

• Kinematics. 


2 (4) 


Fluid Mechanics. 



3 (5) 

Electrical Measurements. 


5 (9) 




18 (28) 

18 (32) 

Physical Training. 


2 (6) 

2 (6) 


20 (34) 20 (38) 


* Note: Figures in parenthesis indicate contact hours per week in class and 
laboratory. Figures outside of parenthesis indicate the number of meetings per 
week in class and laboratory. 
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Periods per week* 
let term Snd term 

CuBRiCTJiiTTM VI. E~ViS), A-V{S), 0-V{S). Engi¬ 


neer SpedaMet Candidatee. 

(d) Electric, Communication. 

Electric and Magnetic Circuits I-II. 5 (9) 5 (9) 

Thermodynamics la and Heat Power la. 3 (3) 3 (5) 

Strength of Materials 1. 3 (3) 

Materials Laboratory la. 2 (4) 

Electron Tubes and Circuits Ib-IIb. 2 (4) 3 (5) 

Electrical Measurements. 5 (9) 

D.C. Machinery and Storage Batteries la. 3 (5) 

Kinematics. 2 (4) 

18(28) 18 (32) 

Physical Training.’. 2 (6) 2 (6) 


20 (34) 20 (38) 

Fourth College Year 


CuBBiCTJiiXTM I. CEC-V(JS). Civil Engineer Corps 
Candidatee. 


Structures IV, V. 

. 5 (9) 

5 (9) 

Sanitary Engineering. . 

3 (5) 

Water Supply. 

. 3 (6) 


Contracts and Specifications. 

Soil Mechanics. 

. 3 (5) 

2 (2) 

Technical Reports. 

Airport Design. 

. 2 (2) 

3 (5) 

Industrial Organization. 

Highway Engineering. 

. 4 (6) 

3 (3) 

Economics of Engineering I, II. 

. 2 (2) 

2 (2) 


19(29) 

18(26) 

Physical Training. 

. 2 (6) 

2 (6) 


21 (35) 

20 (32) 

Curriculum II. CC-V(S). Constrwtion 

Corps 


Candidates. 


Heat Power II, III. 

. 5 (9) 

5 (9) 

Structures Ilia, Va. 

. 3 (5) 

3 (5) 

Electron Tubes and Circuits la-IIa.... 
Contracts and Specifications. 

. 2 (4) 

2 (4) 

2 (2) 

Naval Machinery... 

. 2 (4) 

Metallurgy. 

Aerodynamics. 

. 3 (6) 

3 (3) 

Industrial Oiganization. 

Refrigeration. 

. 3 (3) 

3 (5) 


18(30) 

18(28) 

Physical Training... 

. 2 (6) 

2 (6) 


20 (36) 

20(34) 


* Note: Figures in ptoenthesis indicate contact hours per week in class and 
laboratory. Figures outside of parenthesis indicate the number of meetings per 
week in dass and laboratory. 
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Perioda per loeek* 

1st term Snd term 

CoRRicuLUM III. E~V{S), A-ViS), 0-ViS). 


Engineer Specialist Candidates. 


9 

(a) and (6) Steam and Internal-Combus¬ 
tion Engines. 

Heat Power II, III . 

(9) 

5 (9) 

Naval Machinery. 

2 (4) 


Metallurgy . 

3 (5) 


Aerodynamics . 


3 (3) 

Industrial Organization . 

3 (3) 


Refrigeration . 


3 (5) 

Mechanical Design T, II. 

3 (5) 

3 (5) 

Electron Tubes and Circuits la-IIa. 

2 (4) 

2 (4) 

Contracts and Specifications. 


2 (2) 


LS (30) 

18 (28) 

Physical Training. 

2 (6) 

2 (6) 


20 (36)’ 

20 (34) 

Curriculum IV. E~V{,S), A-y(S), 0-V{S). 

Engineer Specialist Canditlates. 

(c) Electric, Power. 

Elective. 


3 (3) 

Electron Tubes and Circuits I-II. 

2 (4) 

4 (6) 

Alternating-Current Machinery I. 

5 (7) 


Electrical Design I . 


3 (7) 

Electrical Engineering Laboratorv. 


3 (f)) 

Naval Machinery. 


2 (4) 

(Contracts and Specifications . 

2 (2) 


Psychology I — General. 

3 (3) 


Industrial Organization. 


3 (3) 

Mechanical Processes. 

3 (3) 


Machine Design. 

3 (5) 



18 (24) 

18 (28) 

Physical Training. 

2 (6) 

2 (6) 


20 (30) 20 (34) 

CuRRictiLUM V. E-V{S), A-V(S), O-V(S). 


Engineer Specialist Candidates. 

(d) Electric, Communication. 

Elective. 3 (3) 

Naval Machinery. 2 (4) 

Alternating-Current Machinery la. 4 (6) 

High-Frequency Circuits I-II. 5 (7) 5 (7) 

Electrical Design la. 2 (4) 

Electrical Engineering laboratory. 3 (5) 

Psychology I—General. 3 (3) 

Industrial Organization. 3 (3) 

Machine Design. 3 (5) 

Fluid Mechanics. 3 (6) 

18 (26) . 18 (26) 

Physical Training. 2 (6)_2 (6) 


20 (32) 20 (32) 

* Note: Figures in parenthesis indicate contact hours per jpreek in class and 
laboratory. Figures outside of parenthesis indicate the number of meetings per 
week in class and laboratory. 





































EXAMINATIONS * 

By R. H. FRAZIKR 

Associate Professor of Electrical EnKineeriii;;, 

Massachusetts Institute of Technology 

I am pleased to have the subject, examinations, included under 
the general topic, instructional methods, because I prefer to think 
about examinations in terms of educational devices rather than 
purely in terms of measuring devices. 

In thinking about examinations and in using them, I believe 
that many of us, in comparison, are not quite up to the level of the 
sophomore in the electrical-measurements laboratory. To him 
an instrument is merely a box having several terminals and an 
indicator on a scale labelled “volts,” “amperes,” or something else, 
which he inserts in a circuit tjo make the desired measurement. 
The sophomore sometimes puts the ammeter across the line; but 
even if he knows that he wants to measure volts, and so selects an 
instmment labelled “volts” and connects it across the points be¬ 
tween which the voltage is to be determined, he rarely realizes that 
the insertion of the instrument into the circuit may have seriously 
altered the circuit c-onditions, so that the indication of the instru¬ 
ment may bo grossly different from the voltage that existed between 
the two points prior to the insertion of the instrument. 

Now, the sophomore can find many ways to throw his electrical 
measurements askew other than by improper selection of the kind 
of instrument or by failure to make allowance for the circuit dis¬ 
turbance that insertion of the instruments may cause. However, 
those two aspects of the laboratory problem are the principal 
analogies I wish to use for examinations. 

I believe that in setting examinations too few of us ^ve sufficient 
thought to deciding adequately what the examination is supposed to 
determine, and too little effort in the selection of the kind of ex¬ 
amination which best fulfills the requirements. The process of 
setting examinations year by year is likely to fall into the realm of 
habit and tradition. In some instances, professors continue to set 
them merely in obedience to faculty rules, but with the protest 
that they know all about the students anyhow and can just as well 
grade them on the basis of observed classroom work. The failure 
to decide what is desirable for the examination to accomplish is 

• Presented at the meeting of the New England Section, S. P. E. E., Went¬ 
worth Institute, Oct. 17, 1942. 
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equivalent to failure to formulate the objectives of the instruction, 
and, as such, evinces in my opinion a very fumbling educational 
procedure. However, fumbling around for the right kind of ex¬ 
amination, after the professor knows what he wants, is very ex¬ 
cusable, because far too little is known about the properties of 
various kinds of examinations that have been developed. We have 
objective and subjective examinations, oral and written examina¬ 
tions, comprehensive, short-question, problem, project, and essay 
examinations. What do all these names mean, what do the various 
kinds of examinations accomplish, and how should the results be 
interpreted? (As an aside, I may mention that in my electric- 
circuit classes we find a real problem arising from the amount of 
material to be read in the time available. As a preliminary to a 
study to see what can be done about it, we recently gave a standard 
general reading test under the direction of Miss* Margaret Lane, 
Assistant Vail Librarian. The one part that came out rather uni¬ 
formly high was poetry comprehension, which was left in as part 
of the test merely because leaving it in was easier than taking it out. 
As a consequence, we are considering making our weekly assign¬ 
ments in rhyme.) 

Unavoidably associated with the problem of stating objectives 
and selecting the kind of examination that best meets them, is the 
circumstance that the examinations are substantial components of 
the educational process. This is the principal thought that I 
wish to emphasize in my talk. An examination therefore should 
not be viewed primarily as a portable type of instrument that can 
be inserted here or there when desired, without disturbing the sys¬ 
tem into which it is inserted, but rather as an instrument built into 
the system, whose presence influences the workings of the system 
and whose indications must be interpreted in the light of that 
influence. Furthermore, since examinations do exert a substantial 
influence upon the workings of the educational system, by setting 
standards and by influencing the attitude of the student and his 
method of study, they should be designed so as to make their 
influence educationally desirable rather than educationally harmful. 
Unfortunately, many examinations seem to have an influence that 
is educationally harmful: They encourage snap judgments, empha¬ 
size the immediate and fragmentary items of a single course, en¬ 
courage pure fishing for the answer most probably desired by the 
professor, utilize terminology local to one classroom, perpetrate 
ambiguities, and in general tend to become ends in themselves, from 
the student point of view, owing to the practical necessity of striving 
for passing grad^. 

Evidence of the unsatisfactory state of examinations is the 
common attitude among students that many exanflnations are a 
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purely l)urdensome procedure that contributes little to their under¬ 
standing of a subject and adds considerable mental hazard. This 
fear of examinations seems to have more basis than can be explained 
by natural nervousness or feeling of impending doom owing to neg¬ 
lect of study. The fear is based in part (whether rightly or wrongly) 
upon a rather strong conviction that the examinations have in¬ 
sufficient significance in terms of the interpretations and judgments 
based upon them. 

Thus far I have merely stated a problem and have offered no 
solution; in fact, in the present state of development of the examina¬ 
tion art, I can go little farther than to state may belief that much 
of the solution lies in the increased development and use of com¬ 
prehensive examinations and in the use of outside examiners, at least 
sufficiently “outside” to be divorced from the direct classroom and 
laboratory instruction of the examinees. In concluding my talk, 
therefore, I wish to put in a word for the work of the Committee 
on Comprehensive Examinations (of this Society), with which I 
have been associated for several years. 

A few years ago, we decidediihat we must start on this problem 
at the bottom, that our thinking about examinations was very dis¬ 
organized, and that we even lacked adequate terminology up>on 
which to organize our thinking. Therefore we devoted most of our 
effort a few years ago to the proper development of committee 
organization, and to the development of terminology. I have here 
for distribution, reprints of the fruits of our first effort on terminol¬ 
ogy and specifications,* which appears under my name but includes 
the efforts of others, with due acknowledgmente. 

Last year the Committee made some progress in engaging in 
mutual cooperation with the various state boards of examiners for 
licencing engineers, in studying the problem of specifications and 
uses of comprehensive examinations. Though the work of the 
Committee now is practically at a standstill owing to the preoccupa¬ 
tion of the members with more pressing duties, I shall be glad to 
receive from any of you, for the Committee files, comments or 
criticism which the preliminary work on terminology and specifica¬ 
tions described in the reprint may arouse. 

Summary 

1. An examination is not purely a measuring instrument having 
no influence upon the educational system into which it is inserted. 

* M On Terminology and Spedfioationa for Comprehensive Examinations in 
Ekigineerhag,” Journal of Engineering Educationf Vbl. XXXII, Nov. 1941, pp. 
239-246. 
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2. Since the examination becomes an important component of 
the educational system into which it is inserted, it should be de¬ 
signed so as to have an influence which is educationally desirable. 

3. The increased use of comprehensive examinations and out¬ 
side examiners seems to be the most promising means in sight for 
making major improvement in the educational influence of ex¬ 
aminations. 

4. Much basic study is needed, such as has been initiated by the 
Society’s Committee on (Comprehensive Examinations, to straighten 
out our thinking about examinations and to place our practice in 
using them on sound bases. 



A PROJECT OF THE MATHEMATICS DIVISION 

Rt JOHN -W. CELL 

Secretary, Mathematics Division, S. P. E. E. 


Several years ago, in an exchange of letters, certain members 
of the Mathematics Division of the Society for the Promotion of 
Engineering Education indicated a desire for a concrete project 
which would increase the effectiveness of mathematics instruction 
in engineering colleges. The late Professor J. H. Weaver, of Ohio 
State University, took an active part in this correspondence and, 
at the annual S. P. E. E. meeting held at Texas A, & M. in the sum¬ 
mer of 1938, brought this correspondence to the attention of the 
assembled members of the Mathematics Division. Authorization 
was made for the formation o^- a committee to collect engineering 
problems illustrating mathematics, and suitable for use in teaching 
freshman and sophomore mathematics courses. The committee, 
appointed in the fall of 1938, consisted of Professors W, C. Krath- 
wohl (Math., Illinois Institute), R. V. Churchill (Math,, Michigan), 
Alan Ilazeltiiie (Physics and E.E., Stevens), D. L. IIoll (Math., 
Iowa State), PI. M. Pugh (Physics, Carnegie), B. R. Teare, Jr. 
(E.E., Carnegie), J. H. Weaver (Math., Ohio State), and J. W. 
Cell (Math., N. C. State), chairman. 

The “Report on the Aims and Scope of PIngineering Curricula” 
(Journal op Engineering Education, v. 30, March 1940, pp. 563- 
564) states that 

“The scientific-technological studies should be directed toward: 

1. Mastery of the fundamental scientific principles and a com¬ 
mand of basic knowledge underlying the branch of engineering 
which the student is pursuing. This implies: 

а. grasp of the meaning of physical and mathematical laws, and 
knowledge of how they are evolved and of the limitations in their 
use; 

б. knowledge of materials, machines, and structures. 

2. Thorough understanding of the engineering method and ele¬ 
mentary competence in its application. This requires: 

a. comprehension of the interacting elements in situations which 
are to be analyzed; 

5. ability to think straight in the application of fundamental 
principles to new problems; . . . . 
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In an address given in December, 1940, to the National Council 
of Teachers of Mathematics Dr. Marston Morse said: 

‘‘Teachers of mathematics should present to their pupils^techno- 
logical and industrial applications whenever possible. This can 
and should be done without abandoning the concept of mathematics 
as a general tool.” 

Since 1938 the committee has gathered problems which illustrate 
the uses of mathematics, especially in junior and senior engineering 
courses. At the S. P. E. E. meeting held in the summer of 1941 
at the University of Michigan, this committee presented a prelimi¬ 
nary report consisting of 430 problems in typewritten form. The 
Mathematics Division authorized a preliminary edition and named 
an editorial committee consisting of Professors G. E. Moore (Math., 
Illinois), J. H. Weaver, and J. W. Cell, chairman. Through the 
support of President Doherty of the Carnegie Institute of Tech¬ 
nology, a grant-in-aid was secured from the Carnegie Corporation 
of New York City to finance the entire cost of a preliminary edition 
of 100 copies. These lithoprinted copies were circulated with the 
request for corrections, suggestions, and additional problems. 

At the S. P. E. E. meeting held in New York City in the summer 
of 1942, the editorial committee requested and received from the 
Mathematics Division and from the S. P. E. E. authorization to 
publish these problems in book form as a report of the Mathematics 
Division, under the auspices of the S. P. B. E. The Mathematics 
Division thereupon appointed a revision committee, consisting of 
Professors W. C. Brenke (Math., U. of Nebraska), G. B. Moore, 
C. C. Torrance (Math., Case), and J. W. Cell, chairman. This 
committee revised the preliminary edition and added some prob¬ 
lems. The final edition contains 510 problems. A non-royalty 
contract was made with the McGraw-Hill Book Company who, on 
their part, agreed to publish at a minimum per copy cost. The 
problem collection is now in press and will soon be ready for dis¬ 
tribution. 

Most of the problems are so stated that they are suitable for 
direct assignment to average and superior students. Some prob¬ 
lems, marked with asterisks, would more properly be used in outline 
form in the classroom or for bulletin board display. Some engi¬ 
neering terminology is necessary in the problem statements; but 
the committees have tried to keep the use of unfamiliar terms to a 
minimum, and have resorted at times to somewhat crude transla¬ 
tions into non-technical language. However, many engineering 
freshmen have some technical vocabulary derived from high school 
courses or from hobbies. 
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These problems by no means imply that mathematics courses 
should be solely utilitarian. It is important, furthermore, that the 
problems be used as supplementary material and for Iheir avowed 
purposes. The necessary drill problems must continue to be of 
the traditional variety. This collection will he misused if there is 
any attempt to teacli junior or senior engineering concepts in the 
freshman or sophomore mathematics classroom. 

If teachers of engineering mathematics can use these problems 
to increase the effectiveness of mathematics instruction, and if engi¬ 
neering students find in them a challenging interest, then the work 
of these three committees will be genuinely rewarded. 



REPORT FOR 1942-43 COMMITTEE ON GRADUATE 

STUDY, S P. E. E. 

The Committee on Cradiiate Study had one meeting, several 
conferences between pairs of its members, and regular correspond¬ 
ence during the academic year 1942-43. This time was devoted to 
the establisliment of the long-term function of the committee since 
it became evident at once that complete recommendations covering 
the broad fields of Objectives, Procedures, and Requirements for 
Advanced Degrees could not be made after a study of one or per¬ 
haps even two years. It was also understood that some time would 
be consumed in obseiwing trends before recommendations for post¬ 
war procedures could be made. 

Impoktance ok (jkadttate Work 

There is agreement that engineering graduate study will in¬ 
crease greatly after the war and that its relative importance as a 
contribution to the total educational picture will grow. There is a 
belief that definite provision for graduate study is essential. 
“Engineering colleges have carried graduate work and research 
work rather as a side line, without having made complete provision 
for it. This should be changed and the larger schools should make 
definite provisions for graduate study, just as they now do for 
undergraduate students. It is not sufficient for a student to study 
a fifth year and take some courses regularly offered to seniors 
which he did not have time to take.’' Another writer comments, 
“I think we can certainly say that some engineering colleges have 
made definite provision for graduate work ... a small school con¬ 
centrating on graduate work may have some advantages.” 

Emphasis is placed upon the significance of graduate study as 
an indirect but vital influence upon undergraduate teaching. “I 
think that the chief function of our universities is to educate the 
undergraduates. I also think no technical institution is likely to 
be first class unless it effectively develops graduate study. In our 
field a teacher who does not habitually do independent thinking— 
I am somewhat averse to the overworked word ‘research’—^is not 
likely to show the undergraduate how to think. The graduate 
school then could create an atmosphere in which independent 
thinking is necessary; this atmosphere is needed for good under¬ 
graduate work.” 
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Research 

There is no confusion as to the important function that research 
plays in the Graduate School. “As regards the student, we are 
trying to train him to be an independent thinker and investigator.^’ 
There is skepticism, however, as to the need for requiring each 
thesis to be a contribution to science. “A good deal of attention 
is given at times to the obligation of the university to add, through 
its graduate work, to the sum total of human knowledge. I think 
this is usually nonsense as regards graduate study . . . contribu¬ 
tions in graduate theses valuable to the community almost always 
come from the faculty.” 


Other Objectives 

Whether the major objective of graduate study is to specialize 
the student narrowly or to broaden his vision remains wide open 
for discussion. Industry usually expresses its interest in graduate 
students—particularly doctorates—on the basis of specialization. 
“The basis (for the Ph.D degree) for engineers is that the man 
qualifying for the degree not only has outstanding competence in 
the engineering field, but also has a liking for advanced mathe¬ 
matics and physics and has the ability to equal mathematicians 
and physicists in grasping these subjects.” “The objectives 
should be to train men for design, research, and development.” 
“Although graduate physicists and chemists are important in in¬ 
dustry, there is also a great need for men who have been trained 
in the applications of mathematics, physics, and chemistry to 
engineering problems and who have a keen appreciation of the 
limitations which must always be considered in commercial work.” 

The opposite or liberal point of view has supporters. “Grad¬ 
uate study is usually too narrow and too narrowing. Good men 
are often harmed by too great specialization in graduate study; 
this need not and should not be true.” “Is this the appropriate 
time to debate the possibilities of devoting Minor requirements to 
the development of skills which may contribute to public service 
rather than those which are aimed at increasing individual pro¬ 
fessional proficiency?” “Graduate study should consist of a 
continuation of the study of fundamental sciences, a review of those 
subjects imperfectly understood by the undergraduate, an exten¬ 
sion of topics briefly treated on the undergraduate level, and the 
introduction of advanced material requiring undergraduate courses 
as prerequisites.” 



648 COMMITTEE ON GRADUATE STUDY REPORT, 1942-43 

Procedures and Eequirements 

Quotations will quickly point out the problems that need dis¬ 
cussion on institutional procedures. “I think the matter of ad¬ 
mission should be left to individual departments.” “Satisfactory 
grades are not sufficient. They should be coupled with a real de¬ 
sire for learning and research.” “In respect to the 1100 masters’ 
degrees and the 144 doctors’ degrees in engineering in that year, 
I wonder what degree of uniformity in requirements exists among 
the various engineering schools that awarded these degrees.” 
“The admission of qualified undergraduates (seniors) is not only 
to be permitted but encouraged, when the student is qualified 
and will be benefitted by such study.” “The professional degree 
(6 year course) may be granted by the several departments.” 
‘ ‘ There is an advantage in having students returi^ed to these theo¬ 
retical studies (mathematics, physics, and chemistry) rather than 
having the theoretical studies given in a longer undergraduate 
program. ’ ’ 

Details of Operation 

The following comments refer to degrees, residence, languages 
and thesis requirements. “I do not believe that the engineering 
colleges should keep complete jurisdiction over their graduate stu¬ 
dents and give them a special degree such as Doctor of Engineer¬ 
ing.” Another committee member says, “Based upon tradition 
and the concept ‘love of learning,’ the Ph.D. is the most appro¬ 
priate.” “I believe we will agree to a minimum of thirty weeks 
of full-time work for the master’s and ninety weeks for the doc¬ 
tor’s degree. Full-time I think means just that . . . the man is 
not devoting a considerable part of his time to work unrelated to 
his studies.” “The requirements for foreign language are too 
arbitrary.” “I think the thesis an important part of training 
for the master’s degree.” Another writer disagrees, “The mas¬ 
ter’s degree does not ordinarily stand for ability in research, but 
more generally for mastery of the subject. For the doctorate, of 
course, the nucleus of the degree is the ability to carry on a satis¬ 
factory research.” 

A Panel Discussion 

In view of the many problems opened for discussion by the 
work of the Committee on Graduate Study in 1942-43, it is thought 
that a panel discussion would prove useful at the annual meeting 
in Chicago in June 1943. It is planned to invite about twenty 
persons who have special association with graduate^tudents and 
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graduate programs to sit around a table and participate in an open 
discussion of these problems through a two-hour session. All 
others will be invited to be present as auditors. All discussion will 
be taken down by a secretary and this running report will be ex¬ 
pected to form the basis of the committee’s study for the coming 
year. After its careful analysis and study by the committee, this 
report should ultimately give rise to a series of recommendations 
concerning the Objectives, Requirements, and Procedures of gradu¬ 
ate study in engineering. 

L. E. Gbinter, Chairmanf 
John W. M. Bunker, 

Hardy Cross, 

H. J. Masson, 

R. W. Sorensen, 

Alfred H. White. 


NEW MEMBERS 

Andeeassen, Alexandee T., Tutor ^ Civil Engineering College, City of New 
York, New York City. J. .1. Theobold, C. Bamberg. 

Avet, Hakbt T., Associate Professor of Mechanics, University of Wisconsin, 
Milwaukee, Wis. H. E. Grant, B. G. Elliott. 

Backer, Gerald H., Associate Professor of Applied Mechanics, University of 
Kentucky, Lexington, Ky. E. D. Hawkins, E. A. Bureau. 

Bailet, Albert D., Instructor in Electrical Engineering, University of Illinois, 
Urbana, Ill. M. A. Paueett, G. E. Peirce. 

Baskergill, William H., Associate Professor of Chemical Engineering, Uni¬ 
versity of Tenn., Knoxville, Tcnn. B. M. Boarts, E. W. Morton. 

Bibersteik, Frank A,, Associate Professor of Civil Engineering, Catholic Uni¬ 
versity, Washington, D. C. P. L. Bishop, Nell McKenry. 

Billhabtz, Wm. H., Professor of Physics, Franklin College of Indiana, Frank¬ 
lin, Ind. F. L. Bishop, Nell McKenry. 

Bogema, Marvin, Assistant Professor of Hydraulics, Cornell University, Ithaca, 
N. Y. L. D. Doty, C. L. Walker. 

Brazba, Lt 7 Mib P., Instructor in Architecture and Engineering, Wilson City 
College, Chicago, Ill. P. L. Bishop, Nell McKenry. 

Bubbottghs, Frederick D., Educational Director, Utilities Engineering Insti¬ 
tute, Chicago, lU. F. L. Bishop, NeU McKenry. 

Bteblat, Henry L., Professor of Electrical Engineering, Lawrence Institute 
of Technology, Highland Park, Mich. F. L. Bishop, Nell McKen^. 

Chambers, Carl C., Associate Professor of Electrical Engineering, University 
of Pennsylvania, Philadelphia, Pa. Harold Pender, C. D. Fawcett. 

Cluvehius, Wat T., President, Worcester Polytechnic Institute, Worcester, 
Mass. P. W. Itoys, J. W. Howe. 

Crouse, William H., Service Engineer, Delco-Bemy Div., 6.M. Corporation, 
Anderson, Ind. P. L. Bfthop, Nell McKenry. 

Davidson, George A., Assistant Professor of Electrical Engineering, Okla¬ 
homa A. & M. College, StiUwater, Okla. A. Naoter, E. E. Stapley. 

Dye, Edward B., Professor aad Head, Dept, of Civil Engineering, Montana 
' State College, Bozeman, Mont. M. E. Good, E. T. Challender. 
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Elliott, Rot W., Comptroller, Municipal University of Wichita, Wichita, Kan¬ 
sas. E. D. Hay, V. P. Hessler. 

Fischbs, Bebnhako, Instructor in Electronics and Math., University of Cali¬ 
fornia, Berkeley, Calif. P. L. Bishop, Nell McKenry. ^ 

Poster, Charles A. B., Assistant Professor of Engineering and Manager, Va. 
Poly. Inst., Richmond, Va. P. L. Bishop, Nell McKenry. 

Goode, Henry P., Assistant Professor of Mechanical Engineering, Stanford 
University, Calif. E. L. Grant, A. 8. Niles. 

Gordek, Leslie O., Professor of Radio, Chicago Technical College, Chicago, 
Ill. P. L. Bishop, Nell McKenry. 

Harris, Boyd T., Representative, The Macmillan Co., 60 Fifth Avenue, New 
York City. P. L. Bishop, Nell McKenry, 

Harris, L. Dale, Instructor in Electrical Engineering, University of Utah, 
Salt Lake City. A. L. Taylor, R. II. Hull. 

Honnkll, Martial A., Asst. Prof., Head, Comniunieatiuns Div. Electrical 
Engineering Dept., Ga. School Tech, Atlanta, Ga. li. L, Sweigert, D. P. 
Savant. 

Jacobs, Roy K., Associate in T. & A. .Mechanics, University^of Illinois, Urbana, 
Ill. N. E. Ensign, P. B. Seely. 

Johnson, Emory E., Assistant Professor of Civil Engineering, S.- D, State 
College, Brookings, S. D. G. 0, Olcson, H. Blickcnsderfer. 

Judy, Clinton K., Professor of English, California Institute of Technology, 
Pasadena, Calif. Franklin Thomas, R. W. Sorensen. 

Kepler, Prank R., Supervisor, Dept. Voc. Ed., Asst. Prof. Industrial Arts Ed., 
Detroit Public Schools, Detroit, Mich. A. R. Alliason, B. H. Schoonover. 

La Pierce, Walter A., Instructor in Electrical Engineering, Columbia Uni¬ 
versity, New York City. W. A. Curry, J. A. Balraford. 

Luzadder, Warren J,, Assistant Professor of Engineering Drawing, Purdue 
University, Lafayette, Iiid. J. N, Arnold, D. W. Thomas. 

Mack, David J., Assistant Professor of Chemical Engineering, University of 
Tennessee, Knoxville, Tenn. R. M. Boarts, R. W. Morton. 

Medlin, John W., Instructor in Mechanical Engineering, University of Wis¬ 
consin, Madison, Wis. B. G. Elliott, Noble Sherwood. 

Morkovin, Dimitry, Instnictor in T. & A. Mechanics, University of Illinois, 
Urbana, Ill. P, B. Seely, J. O. Draffin. 

Mortland, Jas. a., Assistant Professor of Engineering Drawing, University 
of Tampa, Tampa, Pla. P. L. Bishop, Nell McKenry. 

Oglesby, John L., Instructor in Chemical Engineering, University of Ten¬ 
nessee, Knoxville, Tenn. C. R. Plummer, R. M. Boarts. 

Peebles, John B., Chairman, Div. of Engineering, Emory University, Atlanta, 
Ga. P. L. Bishop, Nell McKenry. 

Pesman, Gerard J., Assistant Professor of Mechanical Engineering, Montana 
State College, Bozeman, Mont. R. B. Gibbs, E. W. Schilling. 

Reyuner, Theodore O., Instructor in Physics, The Cooper Union, New York 
City. Hugh Halsey, 6. F. Bateman. 

Sbutts, William H., Instructor in Mechanical Engineering, University of 
Colorado, Boulder, Colo. Warren Racder, H. S. Evans. 

Smith, William C., Assistant Professor of Electrical Engineering, University 
of Maryland, College Park, Md. L. J. Hodgins, J. H. Clouse. 

Soderbero, C. Richard, Professor of Mechanical Engineering, Massachusetts 
Institute of Technology, Cambridge, Mass. A. L. Townsend, J. H. Keenan. 

Sorensen, Elmer P., President, Utilities Engineering Institute, 1314 Belden 
Ave., Cliicago, Ill. P. L, Bishop, Nell McKenry. ^ 
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Taepley, CIjAEENCE E., Instructor in Engineering Mechanics, New York Uni¬ 
versity, New York City. J. K. Vennard, H. E. Wessman. 

Taskin', Haij>an K., Instructor in Mechanical Engineering, Marquette Univer¬ 
sity, Milwaukee, Wis. J. B. H. Douglas, W. D. Bliss. 

Temple, Van B., Professor of Mathematics and Engineering, Louisiana Col¬ 
lege, Pineville, La. P. L. Bishop, Nell McKenry. 

Thbureb, Ellen K., In charge of Engineering Library, University of Michi¬ 
gan, Ann Arbor, Mich. II. E. Keeler, B. S. Hawley. 

Varteressian, Keuham a., Instructor in Chemical Engineering, The Penn¬ 
sylvania State College, State College, Pa. P. L. Bishop, Nell McKenry. 
VissAT, Peter L., Instructor in Experimental Engineering, Cornell University, 
Ithaca, N. Y. P. L. Bishop, Nell McKenry. 

Watson, Herbert M., Badio Engineer, KBLW, 3622 Clinton Ave., Biehmond, 
Calif. J. S, Thompson, P. L. Bishop. 

Wilson, Clyde H., Professor of-Industrial Education, University of Tennessee, 
Knoxville, Tenn. B. T. Brown, A. T. Granger. 

ZiJR Buro, Frederick W., Head, Dept,, Chemical Engineering, Southwestern 
Louisiana Inst., Lafayette, La. G. G. Hughes, H. B. Mason. 

Associate Membership: Bradley Polytechnic Institute, Peoria, Ill., P. H. 
Hamilton, President. 

299 individual -f- I institutional member (new) this year. 

COLLEGE NOTES 

South Dakota School of Mines and Technology. —name 
borne by the State School of Mines for the fifty-six years of the 
school’s existence was changed by the South Dakota Legislature at 
its recent session. Tt is now the South Dakota School of Mines 
and Technology. 

A new $200,000 adiiiiriistration-mnseum building was completed 
and dedicated last fall. It is called the “O’llarra Memorial Build¬ 
ing” in honor of the late Dr. C. C. O’llarra, president of the school 
for twenty-four years. 



SECTIONS AND BRANCHES 

The Fall Meeting of the New England Section of the Society 
was held at Wentworth Institute, Boston, Massachusetts, on Satur¬ 
day, October 17,1942, The total registration was 247 members and 
guests. 

The following conferences were held: 

A. Chemical Engineering—^Room 5, Attendance 30. 

Chairman: C. A. Brautlecht, University of Maine. 

The Accrediting Program of the American Institute of Chemical 
Engineers. Albert B. Newman, Dean of the School of Tech¬ 
nology, College of the City of New York; Chairman of the 
Accrediting Committee of the A.I.Ch.E. 

What Does the Industrialist Want in Undergraduate Chemical 
Engineering Training? John Healy, Director of Develop¬ 
ment and in Charge of Procurement of Technical Men, Merri- 
mac Division, Monsanto Chemical Company. 

B. Civil Engineering—Room 14, Attendance 20. 

Chairman: A. D. Taylor, Norwich University. 

The Use of Models and Demonstration Equipment as Aids in 
Teaching Soil Mechanics to Undergraduates. Russell R. 
Skelton, University of New Hampshire. 

Sanitary Engineer as a Profession. E. Sherman Chase, Metcalf 
and Eddy. 

Discussers: Ralph W. Home, Pay, Spofford and Thorndike; 
Edward W. Wright, Massachusetts Department of Public 
Health. 

C. Drawing, Design and Shop—Drawing Room 4, Attendance 14. 
Chairman: Arthur W. Leighton, Tufts College. 

Dimensional Control. A. G. Beal, Production Engineer, The 

Foxboro Company. 

The Relation of Engineering Drawing to Plant Engineering. 
Philip Wilmarth, Plant Engineer, Blanchard Machine Com¬ 
pany. 

D. Economics—^Room 9, Attendance 8. 

Chairman: W. S. Lake, Northeastern University. 

Should War Economics Be Emphasized? 

E. Electrical Engineering—^Auditorium, Attendance 44. 

Chairman: Victor Siegfried, W.P.I. 

What Mathematical College Training Industry Expects from 
Young Engineers. A. R. Stevenson, Jr., General Electric 
Company. 


652 



SECTIONS AND BRANCHES 


653 


Discussers: C. A. Powell, Westinghouse Electric and Mfg. Co.; 

Wa3nie B. Keith, New England Telephone and Telegraph Co. 

P. Engineering School Libraries—Room 6, Attendance 15. 

Chairman; Mrs. Ruth McG. Lane, M.I.T. 

Instruction of Engineering School Students in Library Usage 
and Research. 

Educational Responsibilities of Engineering School Librarians. 

Technical Institute Libraries. 

G. English and Engineering Education—Room 4, Attendance 28. 

Chairman : H. R. Bartlett, M.I.T. 

Making Composition Teaching More Effective. Charles Kerby- 
Miller, Wellesley College. 

Discussers: Frederick W. Holmes, Northeastern University; 

Kenneth L. Knickerbocker, R.I.S.C. 

H. Mechanical Engineering—Room 12, Attendance 40. 

Chairman: R. W. Wales, R.T.State. 

The Application of Dimensional Analysis to Experimental 
Work. A. H, Shapiro, M.I.T. 

Relation of Aeronautics to the Course in Mechanical Engineer¬ 
ing. I. I. Sikorsky, Vought-Sikorsky Aircraft, 
r. Mechanics and Strength of Materials—Room 10, Attendance 15. 

Chairman: F. N. Weaver, Tufts College. 

Objectives and Methods in Materials Testing Laboratory 
Courses. E. D. Kingman, W.I. 

Breadth vs. Depth in Strength of Materials Courses. D. G. 
Downing, W.P.l. 

From 12:45 p.m. to 1:45 p.m. 149 members and guests enjoyed a 
Naval style luncheon in the cafeteria of Wentworth Institute. Fol¬ 
lowing the luncheon, a brief business meeting was conducted with 
Dean Garran presiding. Dean Garran introduced Mr. Tudbury, 
Chairman of the Local Committee, who extended a welcome on be¬ 
half of Wentworth Institute. The secretary read the minutes of 
the 1941 meeting and presented the financial report up to October 
15, 1942. The minutes and financial report were approved. 

J. S. Thompson, Treasurer of the Society, was next presented 
and extended greeting on behalf of the officers of the national so¬ 
ciety. Dean Garran also called on past presidents C. Prank Allen 
and D. C. Jackson who made brief remarks. Wayne E. Keith, who 
had the responsibility of the News Bulletin for 1942, was next in¬ 
troduced. 

Announcement was made that the section had invitations to hold 
its 1943 meeting outside of Boston but in view of the present trans¬ 
portation situation, it might be necessary for the meeting to be held 
in Boston again. 
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The afternoon meeting was held in the auditorium with an at¬ 
tendance of 132 and the following program: 

General Theme—Instructional Methods. 

Chairman: Frank W. Garran, Thayer School of Bngfneering, 
presiding. 

Teaching Methods. J. W. Howe, W.P.I. 

Visual Instruction. W. P. Kimball, Thayer School of Engineer¬ 
ing. 

Examinations. R. H. Frazier, M.I.T. 

Wartime Demands for Engineers. T. K. Miles, War Require¬ 
ments Unit, National Roster of Scientific and Specialized Personnel. 

From 5.00 to 6:00 p.m. a showing of Navy movies was given in 
Room 4. The annual dinner was held at 6:15 p.m. in the audi¬ 
torium—attendance 160. 

Mr. Tudbury extended greetings to all those present on behalf 
of Mr. F. B. Dobbs, Principal of Wentworth Institute, who was pre¬ 
vented from being i)resent due to illness in his family. The secre¬ 
tary announced that the total attendance was 247 with 19 schools 
and 9 industries represented. The highest attendance was from 
Northeastern with 42, Wentworth with 41, and M.I.T. with 37. 
In accordance with custom, the secretary read the constitution of 
the section. 

R. D. Douglass, Chairman of the Nominating Committee, pre¬ 
sented its report, nominating Prank W. Garran for Chairman, C. 
B. Tucker for Secretary, and C. h. Dawes for Sectional Representa¬ 
tive on the National Nominating Committee for the ensuing year. 
Dean Garran then turned the chair over to Professor Morgan who 
put the nomination to vote and the secretary was authorized to east 
one ballot for the nominees. 

Dean Garran then called on W. C. White, Chairman of the 
Resolutions Committee, for its report. The following resolutions 
were presented and unanimously accepted by the section. 

Be it Resolved 

that the New England Section of the Society for the Promotion 
of Engineering Education, mindful of the very gracious and 
thoughtfully planned hospitality that has been accorded its mem¬ 
bers and their guests by the faculty and faculty wives of Went¬ 
worth Institute throughout the annual meeting of the Section on 
Saturday, October 17, 1942, express to these generous hosts the 
sincere and hearty thanks of all who are privileged to share in the 
conferences today; 

that the Section also voice its appreciation to Dean Frank W. 
Garran of the Thayer School of Engineering and to Professor 
Carlton B. Tucker of the Massachusetts Institute Technology, 
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for their capable administration of the affairs of the Section during 
the troubled year in which our country was plunged into world 
wide war, to Professor Chester W. Tudbury of Wentworth Institute 
for the many hours he has so cheerfully given to the perfecting of 
arrangements for this fall meeting; and finally 

that the Section extend its hearty thanks to Mr. Wayne E. Keith 
of the New England Telephone and Telegrajjh Company to whom 
it is once again indebted for the compiling of a very useful and in¬ 
teresting news bulletin. 

Respectfully submitted, 

William C. White, Chairman, 
Frank M. Gager, 

John II. Lampe. 

The Chairman then introduced James II. Powers, Foreign Editor 
of the Boston Olohe, who gave the address of the evening on the 
subject “How Long a War?—An Analysis of Hitler’s Summer 
Campaign, and Its Bearing Upon War Plans.” This address 
proved to be very interesting to those present. 


FiNAXriAL TIkpokt 


Receipts 

Cash in Bank October lo, 1941 
■Receipts from Hanover Meeting 
1 nteresl. 


October 15, 1942 

. $26.74 

. 51,75 

.53 


$79.02 

Expenditures 

Printing . $26.55 

Postage. 17.08 

Mimeograph. 3.50 

Taxi delivering proof and programs. 2.65 

Cash in Bank. 29.24 


$79.02 

October 23, 1942 

Net Receipts from 'Wentworth Meeting.$10.93 


The officers of the Southwest Section, S. P. E. E., for 1943-44 
are: 

Chairman—H. F. Godeke, Texas Technological College, Lub¬ 
bock, Texas. 

Vice-Chairman—^Vacancy—to be filled by executive committee. 

Secretary-Treasurer—H. C. Dillingham, A. & M. College of 
Texas, College Station, Texas. 

The 1943 Annual Meeting scheduled for Texas Technological 
College has been postponed to Spring Recess, 1944. 

H. 0 . Dillingham, Sec. 
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CHANGES IN DRAWING CURRICULA 

The Engineering Drawing teacher must be alert tor different ideas and 
changes in drafting room practice to meet present day demands of industry. 
New and improved tools, together with changing methods of fabrication and 
assembly, create needs for improved drafting methods and more emphasis on 
subjects that have had very little attention previously. 

Drawing like many other subjects is becoming more pressed for time 
yearly and modern trends in industry demand that the drawing teacher spend 
at least one hour or more a week in lecture and douonstration to give the 
student enough theory for him to familiarize himself in practice (laboratory) 
with the drafting field, especially since so many young engineers must spend 
some time in the drafting room. However, this drafting board experience gives 
him an excellent opportunity to acquaint himself with materials, desigfn, and 
construction. 

Pictorial representation is being given more consideration today than 
heretofore and Associate Professor J. 6. McGuire, of the Engineering Drawing 
Department of Texas A. and M. College, points out this use in the following 
paragraphs. 

As the E.S.M.W.T. Teacher of Drafting looks for things to better qualify 
his students for positions in industry, ho sliould not overlook pictorial draw¬ 
ings us used by many aircraft industries at the present time. 

This w’riter would like to call the reader’s attention to an article entitled 
''Perspective Drawing Speed Plane Assembly" which appeared in the June, 
1942, issue of Aviation. These so-called perspective drawings are known in 
the aircraft industry as "production iUostratious." The principles of iso¬ 
metric and oblique are used. The pictorial drawings supplement, and in some 
cases take the place of, blueprints in the assembly line. In this way the un¬ 
trained worker is enabled to work on an assembly with relatively little super¬ 
vision. Such drawings, according to tests by aircraft companies (Aviation, 
June, 1942), save much time on the assembly line for the trained, as well as 
the untrained worker. The unique principle of this type of illustration is 
that "certain parts are pulled out of position when necessary, for clarity." 

Many schools are now offering training in this type of drafting. In view 
of this trend, it may be well for the college engineering drawing departments 
to give consideration to the possibility of the incorporation of suidi a unit in 
the regular engineering drawing courses, as wdl as the E.S.M.W.T. training 
courses. * 
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NEWS SQUIBS 

The Engineering, Science, and Management War Training schools are 
rendering valuable service to the war effort. Professor W. G. Smith of the 
Defense Training Institute of the Engineering Colleges of Greater New York 
states ^^that they are qualifying people for jobs between the manual workers 
and the Engineering Graduates for a big field including inspectors, draftsmen, 
assistants, clerks, etc. This training includes the basic essentials in the first 
two years of engineering education.” 


Mr. A. M. Merrill, Principal Naval Architect, U. S. Navy Yard, Brooklyn, 
N. Y., sums up the Practical Application of Descriptive Geometry in the Ship¬ 
yard and Drafting Boom as follows: 

*‘In applying the principles of descriptive geometry to the practical pur¬ 
poses of ship design, we are concerned with it as a branch of drawing or as 
a graphical language, our interest being in establishing the practical objec¬ 
tives toward which a drafting department in a technical or engineering school 
should work in preparing engineers and naval architects, rather than mathe¬ 
maticians or statistical computers. By practical objectives is meant the gain¬ 
ing of knowledge and skill in preparing engineering ship drawings of some 
complexity, developing the ability to think on paper, to solve problems 
graphically and to interpret technical fiesign, using the geometrical laws which 
underlie the science of graphical expression to give an accurate representation 
of a ship, its structure, or parts thereon. Marine engineering and ship de¬ 
sign require this ground work probably more than any other branch of tech¬ 
nology, as in it are included the principal phases of technical design, wherein 
the theory and laws of orthographic projection, the true length of a line in 
space, plane surfaces and their intersections, curved lines and curved surface 
intersections, isometric drawing as an exact system, and other geometric prin¬ 
ciples, are all used extensively throughout the design. 

‘‘As far as drafting is concerned, we in ship design are not only interested 
in plotting and fairing the ship's lines, which are the contours of horizontal, 
vertical, transverse, and diagonal plane intersections as passed through the 
ship, all to be discussed later; but also in such phases of descriptive geometry 
as would be applicable to layout and three-view development work, that is 
required in the design of ship’s structural, piping, ventilation, electrical and 
mechanical design work, and also in preparing clearance studies of hues of 
sights for navigational and other instruments, and lines of gun fire on naval 
vessels, assuming among other conditions those of rolling and pitching simul¬ 
taneously. ’ * 


Mr. Gene H. Brock of the Engineering Drawing Department of Texas A. 
and M. College explains the Silk Screen Process Printing for Preparing Posters 
in Color. 

“Printing materials for silk screen process work may be purchased at 
most art supply stores: the printing frames for mounting the silk is a job of 
simple carpentry. 

“The stencil is cut from Nufilm or Profilm, trade names for a thin film of 
coloKd synthetic material mounted on a glassine base or paper. Cutting the 
stencil is simply outlining the letters or design with a thin sharp stencil knife 
and peeling the film off the glassine. The stencil is then adhered to the silk. 
After the adhering liquid is dry the glassine is removed and the stencil is 
ready for printing. 
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“The frames that mount the stencil are hinged to a base so that proper 
registering of colors is possible. Printing is processed by pushing the paint 
through the stencil with a squeegee. A stencil must be prepared for each color 
used.’’ • 


ENGINEERS’ COUNCIL FOR PROFESSIONAL 
DEVELOPMENT 

Tnterestinjj and useful reference material on what engineers are 
doing in selecting and training new personnel for the profession 
and in elevating the status of engineers in general is contained in 
the tenth annual report of Engineers’ Council for Professional 
Development. Included in the report is a list of engineering cur¬ 
ricula approved by E.C.P.D. as of October 18, 194^ Note that 
the curricula so accredited are those functioning bjefore the recently 
announced Army and Navy college training programs became 
operative. A total of 551 curricula, at 131 institutions,' are cur¬ 
rently on the approved list. Tn addition, several other curricula, 
such as aeronautical and industrial engineering, are listed as op¬ 
tions of the regular courses in some of the older curricula. 

Tn his report, Robert E. Doherty, E.C.P.D. Chairman and 
President of Carnegie Institute of Technology, reviewed activities 
of the year, relating the Council’s functions to present world con¬ 
ditions, and referred to the work of the several committees. Espe¬ 
cially he referred to the E.C.P.D. conference in September to dis¬ 
cuss the problems of engineering manpower. At this conference 
were representatives of several government agencies who are ad¬ 
visory to the War Manpower Commission regarding the reserves 
of professional and scientific men; also present were representatives 
of a number of war industries employing large numbers of engi¬ 
neers. As a result of this conference, a resolution was forwarded 
to the War Manpower Commission urging a more efficient use of 
available engineers and suggesting means for increasing their 
number. 

The Committee on Student Selection and Guidance, R. L. 
Sackett, chairman, reported continuing assistance in the guidance 
of high-school students to a better understanding of the engineering 
field, and, particularly, summarized the findings of its study of 
tests and aptitudes of both arts and engineering students, as car¬ 
ried out in representative universities and high schools during the 
previous year. 

Besides indicating progress in its usual activities, the Committee 
on Professional Training, Everett S. Lee, chairman, emphasized a 
new project—a manual for junior engineers—^the preparation of 
which is now being undertaken. The Committee On Professional 
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Recognition, Charles P. Scott, chairman, reported activity in its 
program of stressing the professional phases of the engineer’s life. 
To tliis end, over 10,000 copies of an address by President W. E. 
AVickendeii, of the Case School of Applied Science, were sold, and 
the committee was also instrumental in its reprinting by several 
engineering society journals. 

Certain “Canons of Engineering Ethics” were proposed by the 
Committee on Principles of Engineering Ethics, D. C. Jackson, 
chairman, which are printed in the E.C.P.D. Report. This at¬ 
tempt to formulate ethical standards for engineers in a written 
code follows similar codification of principles by some other pro¬ 
fessional groups. These canons have been referred to the boards 
of the constituent organizations for suggestions or acceptance. 

Reports by representatives of the eight constituent societies in¬ 
cluded in E.C.P.D. are printed herein, as is also an account of the 
(Council’s annual dinner. The retirement of R. h. Sackett, emeri¬ 
tus dean of engineering, The Pennsylvania State College, from the 
chairmanship of the Committee on Student Selection and Guidance 
after ten years was noted, the dinner report containing the tribute 
to Dean Sackett. 



SOCIETY FOR THE PROMOTION OP ENGINEERING 

EDUCATION 

Nominations for 1943-44 


For President:... 

For 1st Vice l*res.:. 

For 2iid Vice Pres.:. 

For Members of Council for three ^ears 
(7 to be elected) 


(signed) .. 
(address)-, 


Names of nominees, “on the form provided,“ must reach the secre¬ 
tary, P. L. Bishop, University of Pittsburgh, Pittsburgh, Pa., not 
later than May 15,1943. 
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PLASTIC SURGERY 

ISTER FIVE BY FIVE had nothing on radio 
antenna enclosures until the "doctors” of 
he G-E Plastics Laboratory (PhD's, not MD’s) 
»cnt to work on the problem of streamlining. 
Tile result was a plastic housing that a plane hard¬ 
ly knows it's carrying. 

That's just one wartime activity of the chemists 
in the Laboratory. They're also concocting plas¬ 
tics for fuse caps on mortar shells and for a vast 
ariety of parts for battleships, tanks, and what- 
havc-you's. 

The name "plastics" covers a lot of different 
materials. These G-E chemists are applying the 
most precise and ingenious chemical techniques 
to increase that variety. So, if a special job rc- 
<inirc$ a material with combined properties that 
to existing material has, they go to work to 
up an entirely new plastic to fill the bill. 
The whole story can't begin to be told yet. 
®“t when it can, you'll be amazed at how far 
plastics have gone in wartime, and how many 
new peacetime jobs they’ll be ready to tackle 
ifterward. 



lAP HAP 

O NE night Hirohito had a nightmare. He 
dreamt that Shangri Las were springing up 
all over and planes were swarming over him 
like flies. 

Perhaps that nightmare is nearer reality than 
his Imperial Nibs knows. For now, in practically 
no time at all, any open held, even though the 
ground is soft, can be transformed into a hard 
runway for American bombers that are starting 
on their way to make hay of enemy objectives. 

To turn the trick, special steel mats arc laid 
along the field. By means of resistance-welding 
machines, steel bars are automatically stitched 
together to form these flexible mats. Guided by 
electronic tubes made by General Electric, every 
stitch is accurately timed and placed, and the 
speed far exceeds that of a crew of hand welders. 

On some dark night, in a deserted spot, our 
army engineers will unload these steel mats, join¬ 
ing them into a smooth, solid runway. And 
presto! Hirohito's nightmare will become a grim 
reality. General Electric Co., Schenectady, N. Y. 



GENERAL 
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A COMPLETE 
PRINTING 

SERVICE . . . 


Good printing does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen/who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For over sixty years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 
languages. Consult us about your next job. 


PRINTERS OF THE 

JOURNAL OP ENGINEBRINO EDUCATION 


LANCASTER PRESS, Inc. 

PRINTERS . BINDERS . ELECTROTVPERS 

ESTABLISHED 1877 UNCASTER, PA. 
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Original and important information for mining 
and petroleum engineers, supervisors and pro¬ 
duction men of mining and oil companies, geol¬ 
ogists, geophysicists, prospectors, patent at¬ 
torneys and others. Dr. Jakosl^, Dean, 
School of Engineering, Professor of Petroleum 
Engineering, University of Kansas, was aided 
by staff of 32 nationally-known geophysicists 
in compiling this book. 

A Complete CompSlalion of 
Modern Geophysical Techniques 

Describes and illustrates the fundamental theories, dr^ 
tailed descriptions of instruments, equipment and field 
techniques of the recognized exploratory geophysical 
methods and applications to problems of economic 


ORDER YOUR 
COPY NOW 


of rctugi for full credit. 


privilege 


TIMES-MIRROR PRESS, 110 S. Broadway, Los Angelos, Calif 
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New Ronald Books 


'k AenatuuUicA "k 

Air Navigation, By E. R, Hamilton, 

Principal, Borough Hoad College, Isleworth, Engla^. For those new to the 
suRiect who wish a working knowledge in a limited time. Written by an experi- 
enoM teacher of British 11.A.F. and Naval cadets. 

Aircraft Propeller Handbook, By Karl Hansaon Falk, 

Blade Designer for Hamilton Standard Propellera. UnderstandaUe rather than 
highly tochaical. Presents concise praotioai data without delving into propeller 
theory. 80 illustrations, 145 pp. lievited March i9i3. f4,W 

Aircraft Electrical Systems, By William F. Jorch, 

Instructor in Aircraft Electrical Systems, Roosevelt Aviation School, Roosevelt 
Field, New York. ^ Tested instruction for the mechanic training to service air¬ 
craft electric^ equipment. Illustrated. 230 pp. '* 93>00 

Airplane Hydraulic Systems, By Hugh C. Aument, 

Instructor in Airplane Hydraulics, Roosevelt Aviation School, New York. A 
Manual of Operation and Maintenance for mechanics. Covers Hydraulic prin¬ 
ciples, systems and inspection. Illustrated. 126 pp. f2.2S 

Aircraft Electricity, By N. J, Clark and H. E, Corbitt, 

Electrical Engineers, Locklieed Corporation, Of value to enidneers, to designers, 
to wiremen and electricians; useful for group or individual instruction, aiiid for 
reference. Illustrated, 350 pp. Revised October 1042. f3.50 

Mechanical Physics, Both by Herbert Dingle, Professor 
Sub-Atomic Physics, of Physics, University of London 

Volume I: Modern physics of matter, heat, sound, where the atom and molecule 
may be considered Uie elementary particles. 248 pp. 92,25 

Volume II: Deals with the structure of the atom in its first section: applies this 
knowledge later to explain fundamentals of light, electricity, magneUsm, X-rays 
and radio activity. $2.25 


k C*ta£aee4*Ma ^^auAma k 

By Leon Marr Sahag, Professor of Machine Design and 
Drawing, Alabama Polytechnic Institute 

** f |1HE material in this textbook is based on both industrial and teaching experienm of 
J. the author, extending over a number of years. It has been extensively tasted in 
meeting the recpiiremeiits of a basic course.' ’ Machinery. “The aim has been to offer a 
course wliich will bo complete and thorough as well as closely articulated with industrial 
standards and practice.’' Cieil Engineerma. "From the standpoint of technique the 
finished drawings are in accordance with the rules approved by the American Standards 
Association." American MaehinisL 437 illustrations. 394 pp. 92.75 

Available, General Catalog of Books 

THE RONALD PRESS COMPANY 

16 East 26th Street New York, N. Y. 
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Croup of 1943 Science Talent Search Winners leaeim the Pan-American Union Building after 
discussing South American rAations urith Dr. L. S. Rowe, Director-General. 

Prospecting for fllturc SCiciltistS 


Every step forward in science brings with 
it a need for more scientists. Not techni¬ 
cians merely, but men and women who 
are capable of creative achievement. 

Where are they to be found? 

It seems highly probable that aptitude 
for creative achievement in science can be 
discovered as early as the senior year in 
high school. 

It is quite certain that early discovery 
of ability helps crystallize the interests 
of the students and stimulates them to 
further activity. 

For these reasons. Science Service, Sci¬ 
ence Clubs of America and Westinghouse 
are cooperating in an annual Science 
Talent Search. Methods employed in the 
Science Talent Search, including the sci¬ 
ence aptitude tests, were devised by Dr. 
Harold A. Edgerton, Ohio State Univer¬ 
sity, and Dr. Steuart Henderson Britt, 
Office of Psychological Personnel, Na¬ 
tional Research Council. 

Each year, 40 boys and girls selected on 
the basis of the criteria set up by Dr. 
Edg^on and Dr. Britt, are taken to 
Washington as guests of Westinghouse. 
There, after further ckaminations and 
interviews, those who qualify receive 
Wesj^^iouBc Scieaee Sch^atahfys nuig* 
tng from $100 to ^400. 


Last year, 20 Westinghouse Science 
Scholarships were awarded, but every 
boy and girl selected for the trip received 
offers of scholarship help from leading 
colleges and universities. 

Every one entered college. 

Every one is making a scholastic 
record considerably above the average. 

Since the Science Talent Search is only 
in its second year, there are yet no data 
on the correlation between aptitude as 
measured by the methods employed and 
actual achievement in science. Dr. Edger¬ 
ton and Dr. Britt have, however, begun 
a projected ten-year study of these boys 
and girls, covering their work in col¬ 
lege and the early part of their after- 
college careers. 

Full information on the Science Talent 
Search, including reprint of an article by 
Dr. Edgerton and Dr. Britt describing the 
methods employed, will be sent on re¬ 
quest. Write to Science Service, 1719 N 
Street, Washington, D. C., or to School 
Service, Westinghouse Electric & Man¬ 
ufacturing Company, 306 Fourth Avenue, 
Pittsburgh, Pa. 

Wstin^wuse 

HantalMMCMM • OWwa Iw rywl w ru 
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If Your Material Is 

"STRICTLY CONFIDENTIAL” 

OOMETIMBS a prospective customer writes that the 
^ materia] he is preparing is so confidential in nature 
that he feels some hesitancy in sending it to us for 
fjith oprinting. 

We can understand his feeling. But we handle a great 
deal of “Strictly Confidential” material—and we make 
it our business to keep it so. * 

As an example—^we do a great deal of work for -the 
United States Government—much of it of a confidential 
nature—^and we know Uncle Sam would not entrust this 
work to us if he worried at all about our ability to 
handle it properly. 

Lithoprinting is the ideal method of repro¬ 
ducing text material of all kinds. It is clean- 
cut, readable, attractive, and substantial in 
appearance. It is surprisingly low in cost— 
especially for limited editions. 

We are always glad to send you specimens of our work, 
together with a copy of our “Manual of Lithoprint¬ 
ing”—which explains our methods in detail, and con¬ 
tains a great deal of information which will save you 
time and money in the preparation of your text. 

Why not wi’ite us to-day? 

EDWARDS BROTHERS, INC. 

LITHOPRINTERS 


ANN ARBOR 


MICHIGAN 




Standard WILEY Texts 
for Courses in 

INDUSTRIAL ENGINEERING 


LANSBURGH-SPRIEGEL — I Freeman —Industrial Sta- 


Industrial Management. tistics, 178 pages. $2.50 
Third Edition. 666 pages. 

$4.50 Walters — Applied Per¬ 

sonnel Administration. 

Barnes —Motion and Time 338 pages. $3.00 

Study. Second Edition. SPRIEGBL-SCIIULZ — Ele- 
390 page^. $3.75 ments of Supervision. 

273 pages. $2.25 

Barnes—M otion/ind Time 

Study Applications. 188 MACMILLAN — Foreman- 


pages. $1.75 

Ko EPK E — Plan t Produc¬ 
tion Control. 509 pages. 
$4.00 

if 

ANDEI^SQN-SCHWENNING— 
The Science of Produc-\ 


ship and Safety. 101 
pages. $1.00 

Cushman — Training Pro¬ 
cedure. 230 pages. $2.00 

Cushman — Foremanship 
and Supervision. Second 
< Edition. 286 pages. $2.50 


tion Organisation. 282 WALTER S-iMo<fem Man- 


pages. $3'.50 

• % 

SmON — An Mngi^ys* 
^Manual of Stat^tical 
Methods. 240 pages. 
$2.75 


agement. 337 pages. 
$3.00 

RAUTENSTRAUCH—Indus¬ 
trial Surveys and Re¬ 
ports. 189 pages. $2.50 


(For additional IFiley bookSf see page 8} 

JOHN WILEY & SONS, Ine* 


440 Fourth Avenue 


^ New York, N. Y. 
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Alatu *fe«UA la>i QoMAiai, 


SHOP MATHEMATICS AND 
SHOP THEORY 

The Chrysler Manual 

By JOHN M. AMISS, Director of Industrial Education, 
Chrysler Corporation; G. KEITH SHURTLEFF and 
HUGH ITT G. MOLTZAU, Instructors in Shop Mathe¬ 
matics and Shop Theory, Apprentice Department, 
Chrysler Corporation 

This is the famous Chrysler Shop Manual, now 
made available for general use, after years of 
experience with it in the Chrysler Apprentice 
Training Division. This manual can be used 
with any standard handbf)ok, and shows the 
shop man how to use the enormous masses of 
data provided there. An important text for 
ESMWT courses and Training-Within-Indus- 
try programs. 

Price $l.6o 


HARPER 

AND 

BROTHERS 
Publishers 
49 East 33d St. 
Now York 


APPLIED MATHEMATICS 
FOR TECHNICAL STUDENTS 

By MURIAN S. CORRINSTON 
Radio Engineer, Radio Corporation of America 

An outstanding new text, distinguished from 
other review texts, unified texts, etc., by the fact 
that it is desigfied especially for technical stu¬ 
dents, and its problems are especially selected 
for them. Many of the problems are presented 
as dimensioned and labeled mechanical draw¬ 
ings, and geometrical and physical applications 
are stressed. Emphasis is placed on numerical 
computation and methods of checking. 


Price: With Tablee, $2.30; Without Tehlee, $2.2b 
Tablet Alone, $0.7S 
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Fiftieth An ni versa ry 
Meeting 

Chicago, Illinois 
June 18 , 1 ^, 20 , 1943 

HOSTS: 

Illinois Institute of Technology 

and 

Northwestern University 
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WHY ATTEND THE ANNUAL MEETING? 

By F. L. bishop 
S ecretary of the Society 

Another annual meeting of the Society will be held June 18-20, 
1943, at the Drake Hotel, Chicago, Illinois—^Illinois Institute of 
Technology and Northwestern University acting as hosts. This 
year we are celebrating the golden anniversary of the founding of 
the Society. Probably not more than seven or eight hundred mem¬ 
bers will be in attendance (under normal conditions we could ex¬ 
pect about 2,000). Why do they come? 

Have you stopped to analyze the motives of so many teachers 
who attend these meetings ? Some travel many weary miles. 
Many come from very short distances. They sit beside you at the 
meetings. They talk to you and to others. They listen to the 
speakers. Ask questions. Disagree with the speakers. Present 
a new point of view. Attend numerous conferences. 

Do you wonder why these teachers attend these meetings ? They 
come to learn how to improve their teaching. What do they ex¬ 
pect to take away ? They cannot tell you in .so many words but if 
you watch their teaching when they return to their classes, the 
improvement which is evident shows you what they have taken 
away. It is there in the classrooms that they put into action the 
things which they have learned at the meeting. Many pet ideas 
in regard to certain methods are discarded because these teachers 
are cognizant of the new trend in education and in training. This 
year, more than ever before, every member who can take the time 
away from his classes should attend the meeting in Chicago. There 
he will hear from representatives of the Army, the Navy, and the 
War Manpower Commission, in addition to other authorities on 
engineering education. 

These, I think, are some of the opportunities which present 
themselves to those who attend our annual meetings. The inspira¬ 
tion “to carry on” is possibly the greatest contribution which the 
annual meeting has to make to each and every one who attends. 
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STAFF MEMBERS AND ENGINEERING ENROLLMENT, 

NOVEMBER, 1942 
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TIME 


By JOHN ANDKRSON 
Professor of Civil Engineering, The Citadel 

“Time goes you say? Ah no! Alas, Time stays, we go.” 

—Austin Dobson. 

(The reader is to suppose that having: partaken of a very satis¬ 
fying mid-day repast he has seated himself in an obscure corner of 
the astronomy class room. An aura of unreality seems to pervade 
the atmosphere.) 

Good afternoon, gentlemen! The question today is “What is 
Time?" You have the answer? “Time is”—yes? yes?—“is well 
—ah^—just time. ’ ’ Perhaps so, but that seems to me like a vicious 
circle that didn’t get started! Pfobabl.y there isn’t any such thing 
as time. One of my learned confreres has said “of time, as of 
space, we cannot assert a real existence. It is not in things, but in 
our mode of perceiving them.” Tom Carlyle writes in “Sartor 
Resartus” of the “two quite mysterious world embracing phan¬ 
tasms, time and space.” We live only in the present and what 
these gentlemen are trying to say is that time is just a state of 
mind. It is and it isn’t. Let’s see what help we can get from 
our old standby, the Dictionary. We find “Standard” defining 
time as “the general idea, relation or fact of continuous or succes¬ 
sive existence.” “Oxford” (quite a good one; it takes about five 
feet of space on our library shelf) says it is “a limited stretch or 
space of existynce.” “International” tells us, with what appears 
to be an attempt at a joke, it is “that in which events are distin¬ 
guished with reference to before and after.” Now do you know 
what time is? It seems to me that all those dictionaries are just 
shuffling words and they might just as well have stopped with my 
young friend’s ‘ ‘ Time is time. ’ ’ 

But why bother with a definition ? It is perhaps safer to assume 
that you know what I am talking about. At least we all appreciate 
that certain events like Fourth of July and Christmas are not cele¬ 
brated on the same day. «It is also quite plain that there is a 
greater hiatus between supper and breakfast than between break¬ 
fast and dinner. Our senses (and the radio) tell us that “time 
marches on ” but we are pretty poor judges when it comes to telling 
just, how much has gone by. If you went to church on Sunday you 
were probably willing to swear on the customary stack of Bibles 
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TIME 


that the parson preached for an hour. Actually it was only nine¬ 
teen minutes and the preacher was wondering how his twenty min¬ 
utes got by before he said half of what he had in mind! • 

Measurement of any sort requires that we use a unit. Often 
we have a choice of units. Distance can be measured along a road 
in feet, or in yards, or in miles. It makes no great difference be¬ 
cause everybody knows “3 feet one yard, 1760 yards one mile.” 
If time is to be measured there are three units we could use, the 
DAY, the MONTH, or the year. Unfortunately, unlike the foot, yard, 
and mile, these three units are incommensurable. This sesquipe¬ 
dalian word is just a fancy way of saying that there are not an even 
number of days in a year, or in a month, nor can you fit an exact 
number of months into a year. Now this is just one of “those 
things” but it has given rise to centuries of political, scientific and 
ecclesiastical squabbling. 

The DAY has been selected by scientists as the unit, since if seems 
to be the easiest one to use. The Professor of Physics across the 
hall has been telling you that the second is the unit of time, but if 
yon pin him down he will have to admit that he gets his second by 
dividing a day into 86,400 parts. 

But whether the unit be a day, hour, minute, or second, measur¬ 
ing time seems so little of a job that we leave it to a mere machine. 
When we want to know what we call the time (which is something 
we find even more intangible than plain time when we try to de¬ 
fine it) we glance casually at a watch or a clock. 

But clocks and watches have a way of stopping at the most in¬ 
convenient moments. What do you do when your watch stops? 
Most likely you ask your neighbor for “the time.” Thereupon he 
consults his timepiece, scratches his ear, and says, “Well, my watch 
was three minutes slow yesterday and five minutes fast last Thurs¬ 
day, so I guess it’s about three thirty.” As this seems slightly 
indefinite perhaps you go down town to the Western Union office 
and get the right time. 

Now how does Western Union know that their time is the cor¬ 
rect time? The neat little signs on their clocks say they give 
“Naval Observatory Time Hourly.” There is a slight (perhaps 
pardonable) inexactitude in this statement, but at least the signs 
seem to divulge the source of correct time—the Naval Observatory. 

Let us suppose we are keen enough in our search for this elusive 
quantity and take ourselves to Washington to investigate its source. 
Armed with the necessary authority (these days it takes something 
better than an A- 1- J priority to get past the gate) we approach 
the doorman and ask “How do you know the timet” This seems 
to be an easy one. He replies, “By our clock; that onf over there; 
It’s the one that sends out all the time signals, except when we ate 
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using its twin brother next to it.” ‘‘Quite so,” we say, ‘‘but how 
do you know that your clock is right?” ‘‘Oh! by comparing it 
with our master clocks. As a matter of fact it is seldom ever ex¬ 
actly right.” The latter part of this answer is a bit disturbing, 
but we see a gleam of light. “A master clock? Where is it?” 
And then we discover that Naval Observatory officials are quite 
pessimistic on the subject of clocks—it is not one master clock but 
four such creatures which they keep in solitary confinement in a 
veritable dungeon. Down in the nether regions of the observatory 
we find these clock aristocrats, each in its own airtight case and 
resting on its own solid masonry pedestal. The vault in which 
they repose is double-walled, air-conditioned, and triple-doored. 
Access to it is more difficult than to the gold depository at Fort 
Knox. It is hard to believe that such clocks exist, never touched by 
hand, wound automati<*,ally and never varying as much as a second 
in five years. 

We view these marvels with awe, feeling that at last we have 
discovered the place where the rijjht time is to be found. It is 
only when we express this thought"that we discover the real depths 
of Naval Observatory pessimism. We are astounded to find that 
they have so little faith in these wonderful clocks they have to 
check them every day. While this does seem like a wise precaution 
it presents another question which we immdiately voice. ‘‘What 
do you check with? Whose clock no you trust?” The doorman 
sadly shakes his head and calls in the aid of a gentlemen with long 
white whiskers who is passing. ‘‘Ah! Father Time! Chronos! 
how stupid not to think of it!” we say. ‘‘Not at all,” says the 
doorman. ‘‘This is just one of our astronomers who has been try¬ 
ing to find the time ever since Cleveland was President. I am sure 
he can tell you what you want to know.” 

From the astronomer’s explanation it seems that to keep time we 
need some sort of moving object who»se motion is steady, unvarying 
and perpetual. Furthermore it must be of such character that 
we can easily observe its movement. The only object complying 
with these specifications seems to be our earth. Recollecting your 
geography you will remember that the earth is a spheroidal body 
which rotates on its polar axis once a day and keeps on doing this, 
day after day, saecula saeculorum, with a regularity that cannot be 
equalled by any man made mechanism. 

As a consequence of the earth’s rotation, just as a person on a 
train sees the landscape rushing by, we see the stars, the sun and 
the moon, the planets and all the heavenly host apparently travel¬ 
ing. westward. If our eyes were adapted to seeing these bodies in 
daylight the whole celestial pageant would be seen repeated daily, 
always, returning exactly on schedule, 
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Althoujfh we were taiifrht that the earth moves and the stars 
are fixed, we prefer to believe the evidence of our senses and we 
say that the sun rises and sets, and toj^ether with the stars, travels 
from east to west, completely round the earth once a day. Even 
the astronomer finds this erroneous conception so much more con¬ 
venient than the real state of affairs that he adopts it and speaks of 
the stars passing around the earth once a day. 

Thus it is only necessary to fix our attention on a particular 
star, watch it as it passes by and wait until it comes around again. 
Then a day has elapsed. If we note the time of its first passage on 
our clock and that of its second, and our clock shows exactly the 
same time (or rather, exactly 24-hours difference), the clock is cor¬ 
rectly adjusted and performing perfectly. 

Of course, to see the star it has to be viewed at,night (which is 
a bit of a nuisance) so a happy thought occurs to us—why not use 
the sun? So far as we can see, it behaves quite in the sa'me way 
as the stars, circling round the earth once a day. It seems worth 
trying, but as soon as we put the idea into practice we find that the 
clock which had been running perfectly must have suffered a sun¬ 
stroke! It seems to be gaining, at first slowly, then more rapidly, 
then slowly, never able to settle down to a steady rate, but always 
gaining. If we have enough patience to continue the experiment 
for a year, we will find that our clock has managed to steal ahead 
a whole twenty-four hour day. No amount of tinkering with the 
clock seems to do any good. We do manage to cure it of gaining 
a whole day in a year, but it just will not keep step with the sun. 
We are almost forced to conclude that there is something wrong 
with the sun. Remembering what happened to Galileo when he 
imputed certain imperfections to that great luminary we do a little 
investigating before committing ourselves. We discover that it is 
not the sun which is at fault, but the earth. Not only does the 
earth rotate on its axis daily but it also revolves round the sun 
once a year. This would not be so bad if it didn’t insist on going 
a little slower sometimes than others. The small boy’s idea that 
the days drag at Christmas is literally true! Gravitation seems 
to be to blame for this phenomenon and it has all been explained 
very nicely by Sir Isaac Newton—you probably won’t mind if I 
skip the explanation. This irregularity of the earth’s motion 
about the sun only partly accounts for the vagaries of our clock. 
To keep the record straight we should mention the “obliquity of 
the ecliptic’’ and the “precession of the equinoxes’’ but these are 
things reserved for the consideration of those who have reached a 
higher standing in the lodge. > 

But how do we explain the fact that the clock gdt ahead of the 
sun a whole day ? With your kind assistance vfe will put on .adH^e 
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demonstration. The gentleman in the center of the room, Mr. 
Jones, will you please stand up? Thank you. Now, that gentle¬ 
man in the back row, Mr. Brown, will you stand please? Mr. Jones 
face Mr. Brown. Now Mr. Brown will you make a little journey 
around the outside of the room? That is right, go round toward 
the east, and please rotate on your axis! To the east of course. 
Quite good. You see you are the earth. Mr. Jones will count the 
number of times you face him, I will count the number of times 
you face the front of the room. Hold on to the wall if you feel 
dizzy. Splendid, that completes the circuit, and I count 15. Mr. 
Jones? 14. Thank you. You see now that the earth has seen 
the sun (that’s Mr. Jones) 14 times, and the star (that’s me) 15 
times. That’s why a clock regulated by the stars counts off 366 
days while a sun clock counts only 365. 

Now we ARE in trouble, either use the constant stars and try to 
live 366 days in a year or use the erratic sun and get 365 days of 
all sorts of lengths! Tt seems a hopeless situation but our wily as¬ 
tronomer has fixed the whole thine in a most satisfactory way. He 
INVENTED a sun of his own. He christened it the mean sun, which 
is hardly fair since it is not a bit mean but very tractable and ac¬ 
commodating. Having evolved the creature the astronomer gave 
it the following instructions: “Begin on the mark with the real 
sun, and travel round the earth once a day, but pay no further 
attention to that eccentric object. You must watch the speedometer 
and keep to the same speed without varying a jot, and stick to 
the straight and narrow path, I mean the equator. But remember, 
this is not a race. You must arrive at the starting place one year 
later at exactly the same instant as the real sun. You will both 
have made 365% trips round the earth, but your trips will all have 
bqen of the same length. I will watch when you cross my meridian 
and that instant will be called mean noon ; the time it takes you to 
go around once will be a mean day. For eonvenience I’ll make 
the day begin at midnight when I can’t see you at all. ’ ’ 

What a lovely scheme I But what a lunatic the astronomer is! 
How can he watch a non-existent figment of his imagination? He 
even admits himself that if it did exist, it couldn’t possibly be seen 
at the most important instant when the day begins. Just another 
crazy idea! 

But the astronomer’s imagination has been a little bit busier 
than we thought—^he has it all figured out. A star-clock would 
count 366% days , in a year, one day too much according to our 
ideas. In short, it runs fast one day a year, 86,400 seconds, or 
just about 3 minutes and 56 seconds a day. “So, the matter is 
quite simple/' he says, “I regulate my own clock by the stars and 
for ordinary people 1 Hoop another one adjusted to lose 3 minutes 
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56 seconds every day as compared to mine. They don’t know how I 
do it. I show them the clock which is wronpj and tell them that is 
THE TiME.^' So the astronomers the world over keep tinfe, each 
for himself, by watching the stars, but fool the civilian population 
by pretending to do it by the sun. 

The astronomers seem to have very convincing ways and people 
have accepted them as the arbiters of time. It appears that all 
that is necessary is to select your astronomer and tell him to go to 
work. Not every one is fortunate enough to have such a profes¬ 
sional man at his di.sposal. Inquiring persons soon found out that 
there was no great trick to this time telling business and set up 
little time factories of their own. In time past the inhabitants of 
many a town have eagerly waited watch in hand for the sound of 
Grandfather William’s pistol to let them know that it was high 
noon. 

This way of telling time is essentially individual, every'man for 
himself. While it worked pretty well in the horse and buggy days 
the advent of railroads, telegraphs and other means of rapid inter¬ 
communication soon disclosed serious inconveniences in this indi¬ 
vidualistic scheme. The railroads found it impossible to regulate 
their train schedules to suit a dozen or more different ideas as to 
time, so each railroad adopted a “standard” of its own. This re¬ 
sulted in some strange things. For instance, the clock outside the 
station in Paris was five minutes ahead of the one inside—and both 
were right. This would seem to have some compensation. The 
perturbed traveler rushing into the station fearing that his train 
had gone must have been gratified to find he had five minutes to 
spare. But generally patrons were confronted with the necessity 
of doing some tricky arithmetic to know just when to be at the 
station. Some railroad companies published information supposed 
to help the travelers—like this: “P. D. & Q. R.K. time in Podunk 
is six minutes ahead of Podunk local time and five minutes later 
than W. P. & X. R.R. time in that city. Podunk local time is 32 
minutes behind Zoomville time which is the standard time for the 
K. y. D. U. R.R.” At all events, “daylight saving war time” 
could have no terrors for one brought up on that system. 

This quite intolerable situation was finally remedied by depriv¬ 
ing individuals of another inalienable right and establishing a single 
clock to keep time for all. This clock is the one at Greenwich, 
England. Americans were largely responsible for the selection of 
Greenwich. Apart from a seeming lack of patriotism in this choice, 
if one considers that when it is noon at Greenwich it is just 6:37 
A.M. here in Podunk, a condition due to the fact that the sun can’t 
be at both places at the same time. Nobody in Podftnk is going to 
believe that it is 12 noon at 6:37 in the morning. So we compromise 
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by agreeing to call Podimk time 7 ;00 a.m. and designate it Eastern 
Standard Time” except that now we call it 6:00 a.m. and say it is 
“War Time.” We never make up our minds about anything. 

Having settled this rather ticklish question we turn the job of 
watching the hypothetical mean sun back to the astronomers and 
the matter of keeping us informed to the radio announcers. The 
astronomers have always believed in minding their own affairs and 
have retired into the limbo of anonymity. They are such modest 
people they never seem to resent the calm assurance with which the 
honey voiced announcer steals their thunder when he suavely in¬ 
forms us ”3:00 p.M. Eastern War Time, courtesy of the Bull-all- 
over Watch Company.” 

Time is up did you say? I am sorry, my watch has stopped. 
Thank you! Good Afternoon! 

(And so you wake up, wondering whether it was the apple pie 
or that stick you put in the demitasse.) 



WHAT MATHEMATICAL COLLEGE TRAINING 
INDUSTRY EXPECTS FROM YOUNG 
ENGINEERS * 

By a. T{. STEVENSON, JB. 

Staff Assistant to Vieo President, General Electric Co. 

When Professor Dawes asketl me to prive this talk, T hesitated 
to accept because T had never taught mathematics in collep:e, and 
it is always risky to try to give advice in a field where one has no 
experience. Professor Dawes explained, however, •that the indus¬ 
tries are the customers who need the young engineers, and that the 
college professors would like industry to give its reaction to the 
qualifications of the men that they are obtaining from the colleges. 

Of course, we all know that industry has certain problems to 
solve. Perhaps they could he divided into two classes: (a) syn¬ 
thetic problems requiring ingenuity, and (6) analytical problems 
requiring methods of analysis which are largely mathematical. 

At first glance, one might say that the mathematical courses 
have nothing to do with the training of men for the synthetic, in¬ 
tuitive, inventive, creative type of engineering. There are, of 
course, a great many inventors who are not mathematical. On the 
other hand, it has always been said that mathematics develops the 
imagination, and of course imagination is necessary for invention. 

Perhaps if in mathematics courses a little more emphasis were 
placed on developing ingenuity, the sometimes expressed idea that 
mathematics deadens the creative faculties might be refuted. 

Prom the very beginning of mathematical training in the grade 
schools, the pupils should be encouraged to create their own mathe¬ 
matics. A child under the guidance of the teacher should dis¬ 
cover for himself that 2 -|- 2 4 by grouping four pieces in two 

groups and by counting each group separately, the group as a 
whole, etc. Perhaps a good deal of arithmetic is too complicated 
to be understood by young children and so should be postponed 
until it can be done in a more understandable way by algebra. 

When I was in grade school, I remember an arithmetic problem 
which I could not understand. My father asked me what it was I 
was trying to find out. I told him. He said: “Let's call that 
quantity ‘X’.“ With this suggestion, it was clear as crystal to 

* Presented at the New England Section Meeting, Went#ortb IngtitUte, 
October 17, 1942. , 
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me as to how to proceed. I turned in a solution but the teacher 
did not like it because I had used an alfrebraic rather than an arith¬ 
metical method. While I did not know that I had used algebra, 
this suggestion had led me to a complete comprehension and a 
straight forward solution. 

There is a story about the famous French scientist, Pascal, which 
goes as follows: 

“Pascal while still very young asked his father to tell him the 
object of geometry. Ilis father, who did not want him to study 
too much and therefore did not want to arouse his curiosity, gave 
him a vague definition. He said: ‘Geometry is the art of construct¬ 
ing regular figures and finding their measure and learning the rela¬ 
tions of their parts.’ This was a sufiftcient basis for Pascal to de¬ 
velop, all alone, the thirty-one first theorems of Euclid.” 

Mathematics is a chain that is not much stronger than its weak¬ 
est link. If one really understands arithmetic, algebra is easy; 
if one really understands algebra, trigonometry is easy. Students 
should be warned against committing to memory trigonometric 
equations. If one really understands the subject, one can create 
many trigonometric equations by simply referring to the funda¬ 
mental diagrams inscribed in a circle. 

Someone may say: “I thought you were going to talk about 
mathematics in college, and here you are talking about mathematics 
in grade school and high school.” Here is my reason. When I 
was a senior in an engineering college, one of the professors found 
that the class was having difficulty with certain engineering prob¬ 
lems which made him doubt how much we knew about plane geom¬ 
etry and trigonometry. An examination was given and only five 
fellows passed plane geometry and only two passed trigonometry. 
Perhaps one can solve certain simple engineering problems with¬ 
out understanding these subjects, but one cannot develop his crea¬ 
tive faculties by the solutions of engineering problems unless he 
really understands these fundamental subjects. 

Descriptive geometry, if properly taught, should develop the 
visual imagination, and visual imagination is obviously of great 
help in inventing mechanical arrangements. The value of de¬ 
scriptive geometry depends, however, on how it is taught. I can 
recall a descriptive geometry examination where the problem was 
to develop the cross section .which a plane made in cutting a hyper¬ 
bolic paraboloid at an angle; I got the right answer, but a mark 
of only 80 per cent. In explaining this the professor said; “You 
did pot use the method I lectured bn.’* In other words, his em¬ 
phasis was on remembering what he taught me rather than in 
developing my own method, A more thorough course in descrip- 
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tive geometry including: mechanical perspective and shadows would 
be beneficial in developing: visual imagination. 

Most students would probably object to a statement th&t cal* 
cuius is fed with a silver spoon. Nevertheless, students are not 
made to struggle, to create it for themselves. They are often given 
solutions and perhaps asked to prove them, where they should be 
led to discover the solutions for themselves. For instance, quite 
early in the study of calculus, they are told that a convenient base 
for logarithms is e — 2.7183 which, in spite of its odd character, is 
more convenient for certain mathematical purposes than the more 
ordinary base 10. Wouldn't it be immensely better if the student 
could be taught to discover for himself the convenience of this 
particular base, rather than to take the teacher's or the text book's 
word for it ? 

A good many undergraduate college courses include differential 
and integral calculus, but do not include any differential equations. 
Calculus is not usable on any but the most simple engineering 
problems unless one knows differential equations. I think it is be¬ 
cause many engineers, not having learned differential e(iuations, 
do not use calculus and consequently forget the little they have 
learned. Differential equations can be taught very simply as a 
series of ingenious tricks which as far as possible the student should 
be encouraged to invent for himself. For engineering purposes, 
it is sufficient to acknowledge that if the differential equation rep¬ 
resents an engineering problem, there is a solution. The correct¬ 
ness of the solution should simply depend on whether it will fit the 
differential equation and the boundary conditions. 

In a few colleges, there are courses in the application of mathe¬ 
matics to problems. This seems like a very good idea. After all, 
from ail engineering point of view, mathematics is a tool. Exam¬ 
ining this analogy further, it is obvious that one cannot learn much 
about tools without using them. If one has a problem to solve and 
then learns the mathematics with which to solve it, the mathematics 
will become a tool which can be usefully applied to other problems 
later. 

In studying differentia] equations in college, it is stated that 
the singular solution of the differential equation gives the envelope 
of a family of curves. In later life, I wanted the equation for the 
envelope of a family of curves and I remembered that the singular 
solution should give the equation of the envelope. In my old dif¬ 
ferential equation books, however, this mathematical method was 
not sufficiently illustrated by practical problems to make it par¬ 
ticularly applicable to the case in hand. In the end I obtained the 
desired equation by some much longer and laborious Method which 
was really understood. 
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All throupfh courses in mathematics, the emphasis should be 
placed on understandinfj the theory and being able to apply the 
theory to the solution of practical problems. 

My younger brother was very much interested in mathematics 
and did very well in high school and college until he took a course 
where one of the problems was somewhat as follows: “Three horses, 
which were grazing in a field, ran straight for the barn when the 
farmer opened the door but they stopped en route when he closed 
it. Prove that the three tines determined by the positions of the 
horses at the start intersect the three corresponding lines deter¬ 
mined by their positions when they stopped in three points which 
lie in one straight line.” The statement of this problem is prob¬ 
ably mixed because I never studied that particular branch of 
mathematics and hope I ’ll never liave to. My brother was so dis¬ 
gusted that he went before the faculty to get permission to drop 
the course and changed to something more useful. 

The combination of engineering and the liberal arts in the same 
university is good. The engineers’gain a great deal from associa¬ 
tion with their academic friends and, conversely, the academic stu¬ 
dents cannot become all-round cultured individuals without coming 
into some contact with the materialistic realities of the universe 
with which engineers deal. Wherever engineering and the liberal 
arts are combined in the same college, it is probably a good idea 
if the engineering and the academic students can mix in the same 
classes in physics, mathematics, English, etc. But if this is done, the 
mathematics professors must be broad-gauged men and not narrow¬ 
minded specialists who believe that the perfect idealism of mathe¬ 
matics will be soiled if it is in any way degraded toward the utili¬ 
tarian level. 

Some years ago I was on an advisory committee to the Mathe¬ 
matics Department of the Keusselaer Polytechnic Institute. We 
spent the whole day discussing the problems of the Mathematics 
Department. President Hotchkiss had invited members of the 
Physics and Engineering Departments to attend the meeting 
which was also attended by members of the Board of Trustees and 
two or three outsiders like myself. The object was to secure co¬ 
operation between these departments so that the mathematics de¬ 
partment, instead of using impractical problems like the one about 
the horaes, would illustrate their mathematical theories with appli¬ 
cations to physical and engineering problems. On the other hand, 
the physics and engineering professors would make full use of 
mathematical tools in solving their scientific problems. The gen¬ 
eral feeling of comradeship and coordination between these three 
departments was very delightful. Meetings of this kind would be 



674 


WHAT COLLEGE TRAINING INDUSTRY EXPECTS 


profitable in other eollcfires in securing cooperation between these 
three related departments. 

Of course, the whole of education should be integrated. The 
proper use of the English language should not be limited to courses 
in English. The mathematics, physics, and engineering professors 
should insist on proper presentation both written and oral in their 
classes. 

The college course is already so full that, according to President 
Doherty of Carnegie Institute of Technology, the students do not 
have time to understand more than half of what they learn. The 
other half they take on the authority of the teachers or the text 
book without ever really understanding it. This is a pernicious 
habit which should be avoided. It would be better to learn half 
as much and really understand it. • 

Everyone is beginning to believe that engineers should be given 
a broad education including plenty of English, economics, and the 
social sciences. If these liberal subjects are to be included in the 
engineering course, something must be left out. Courses must be 
cut to the bare fundamentals, thus leaving time so that these fun¬ 
damentals can really be understood. Handbook methods of design 
should be omitted from the college course because they prevent a 
proper attention to fundamentals. 

Recently, some juniors spending the summer working for our 
Company were given an examination which many of them flunked. 
They could have passed it if they had only applied the fundamental 
law that Force ~ Mass X Acceleration. When the failure to apply 
this law was pointed out to them, some of the boys took the indig¬ 
nant attitude that they had learned that formula in their freshman 
year and could not be expected to remember it now that they were 
dignified juniors. Their fundamental knowledge was overlaid 
with too much else. 

It will be necessary to omit from the undergraduate engineer¬ 
ing course specialized subjects such as Heaviside’s method of solv¬ 
ing differential equations, vector analysis, tensor analysis, special 
courses in circuit analysis, etc., all of which are valuable but should 
be postponed to post-graduate years either in college or in industry 
for those with special aptitudes along these lines. 

The colleges should teach the fundamentals, and it is the re¬ 
sponsibility of industry to put the recent graduates through an 
apprentice type of education which will furnish the proper transi¬ 
tion. To quote from a former paper: 

“The age old idea of apprenticeship must be revivified in order*, 
to form a better connection between what is learned!^ in school and 
its application to real life. 
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“Industry should not attempt to compete with the colleges in 
teaching the educational fundamentals. Any attempt to do this 
would be likely to lead to inbreeding within each industry, result¬ 
ing from localized recruiting and narrow specialization. But 
while giving the young men their first taste of experience, industry 
can furnish the educational connecting links which are necessary 
for the wide application of education to the solution of practical 
problems. ’ ’ 

It would be perfectly logical for any professor to comment that 
there are not many Pascals in the world and therefore the system 
of developing ingenuity by making the students work out their 
own mathematical theories is not practical. Certainly, it is not 
practical in an educational system which is designed for the aver¬ 
age and backward students with very little thought given to allow¬ 
ing a few exceptional individuals to develop their individual talent. 

Of course, we want to educate the average man in this demo¬ 
cratic country, but we should also give considerable thought to in¬ 
cluding in our educational systeitli avenues by which young men 
with exceptional possibilities can be trained to be exceptional men. 

A look at history will indicate that in every field of human en¬ 
deavor the world has been greatly benefited by a few such individ¬ 
uals. When we think of the hundreds of millions of people in the 
world, the percentage of inventors, scientists, and leaders is ex¬ 
tremely small; yet this small handful of people have given jobs to 
multitudes and have raised the standard of living for almost every¬ 
one. 

Wickenden, in a recent article, stated: 

“Every engineer knows that permanent gains in wealth and 
leisure are the by-products of rising efficiency and cannot be cre¬ 
ated by government subsidy; that the way to cure unemployment 
is to create more jobs through research, thrift, and enterprise, by 
development of new products, by creating new industries, and by 
translating technical advances into reduced prices and wider mark¬ 
ets. One quarter of all our employment today is said to be in in¬ 
dustries which did not exist before 1880.” 

If we are going to go on in the postwar era creating employment 
and raising the standard of living, we must learn how to develop 
these exceptional individual^ to the fullest extent. 



EDUCATIONAL REQUIREMENTS FOR AIRLINE 
TRANSPORTATION ENGINEERING 

By GEORGE H. TWENEY 
University of Detroit 

Airline transportation engineeriiif? is a branch of the Aero- 
jiautical Engineering profession which has come into prominence 
only within the past few years. Prior to 1935, any work done 
around an airline even remotely savoring of engineering technicali¬ 
ties was purely coincidental, but today, some of the larger airlines 
are maintaining engineering staffs composed of as many as one 
hundred technical men. This, of course, is a small staff compared 
to the commercial manufacturing corporations with their engineer¬ 
ing departments numbering as high as 1200 engineering men. 

However, for an airline even to have a separate engineering de¬ 
partment is a relatively recent development. It was not until the 
spring of 1935, when Pan American i\irways hired a few engi¬ 
neering graduates, that technically trained men were given positions 
in which they could utilize their technical ability around an airline. 
Any engineers who were employed by airlines prior to that date 
were either hired in a purely clerical capacity, or perhaps because 
thej'^ held pilots’ licenses, and could fill some of the flying positions. 

An airline transportation engineer, so called, is a rather hybrid 
sort of individual; he must be an engineering “jack of all trades,” 
and strangely enough, master of them all at the same time. There 
is, as yet, no university in the country' which offers a full time 
engineering curriculum leading to a degree in Airline Transporta¬ 
tion, although there are numerous institutions which offer alternate 
courses, and separate subjects covering various phases of airline 
operation. 

A young Aeronautical graduate who decides to go into airline 
engineering will find that his knowledge of theoretical aerodynam¬ 
ics, wind tunnel procedures, and like subjects of a highly theo¬ 
retical nature will not stand him in verj'^ good stead, and that from 
the day he first starts to work, he really has to start to learn. If 
he is assigned to the maintenance engineering group, and the In¬ 
strument shop presejits him with a stubborn automatic pilot which 
refuses to be calibrated, he must solve the difficulty almost immedi¬ 
ately, It has been the author’s experience too, that they will not 
bring up these knotty problems until the night before the par- 
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ticular airplane is posted for schedule. This then means a lot of 
burning of the midnight oil, for the young engineer to learn some¬ 
thing about an automatic pilot. Search as he might, he cannot 
seem to find anything in his class notes which even remotely re¬ 
sembles the hydraulic diagram of a modern automatic pilot, and 
he is left to his own resources with a collection of hard-to-under- 
.stand service manuals and manufacturers’ booklets. 

But this is only one specific instance of the type of problem 
which an airline engineer might be called upon to solve. 

Strictly speaking, the design aspects of airline engineering are 
rather limited, the greater portion of their work being of a mainte¬ 
nance and operating nature. 

However, an engineer may be called on to do a piece of struc¬ 
tural analysis, or develop some performance and range curves for 
a particular airplane over a particular route. Hence, he must keep 
his technical knowledge at hand continuously, and at the same time 
making himself familiar with the myriad mechanical problems 
which are always presenting themselves. 

This type of airline engineering has to do principally with 
maintenance procedures. There are, however, other departments 
of an airline which require the services of a technically trained 
man. The Operations Departments of most large airlines maintain 
a man called an Operations Engineer. His job is to handle all 
problems of an operating character, including pilot and flight per¬ 
sonnel training, to hold classroom sessions in various technical sub¬ 
jects with which all flight men should have a conversant knowledge, 
and to develop various types of new operating equipment. An 
Operations Engineer is almost invariably an aeronautical gradu¬ 
ate, whose experience has been tempered with several years service 
doing maintenance and general engineering. 

The advent of the large airplane of the Clipper and Strato- 
clipper types, is bringing into the foreground another type of air¬ 
line engineer who is called a Plight Engineer. These airplanes are 
assuming such proportions that it requires the services of a tech¬ 
nically trained man to handle all the engine and power instruments, 
thus leaving the pilots free to concentrate on the actual flying and 
navigation. The ultimate in this type of engineering is exempli¬ 
fied in su(ih airplanes as the Boeing B-314 Clipper ships. Of course, 
this man does a large amount of flying, and his job is more of a 
mechanical nature than it is technical. He must be entirely fa- 
milar with the engines and all accessories of the airplane, so that 
he can perform dependable trouble-shooting, and then do the neces¬ 
sary repairs on hand. Then too, it is Ms responsibility to follow 
fuel and oil consumption, and on Ms shoulders rests the responsi¬ 
bility for deciding whether or not an airplane shall continue on or 
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turn back on a particular trip when fuel consumption may be run* 
ning ahead of schedule. 

There are other types of specialist engineers which various air¬ 
lines employ. For example, the Aerodynamics Engineer occupies 
a fairly important place in the scheme of airline operation. It is 
his job to prepare all performance and range charts for the various 
runs over which the airline operates. If the engines or propellers 
should be changed on some of the transport models, he must pre¬ 
pare new performance charts showing the changes in airplane per¬ 
formance or specific fuel consumption. Then too, a very important 
phase of his duties is taking care of all engineering test flights. 
In this connection he must work in close cooperation with the in¬ 
spection department. If certain changes, such as instrument 
changes, are made on an airplane during a regular maintenance 
procedure, it may become necessary for the engineering department 
to order a test flight before it can pass the changes, and certify the 
airplane is ready for schedule flights. In this way, the Aerody¬ 
namics engineer may do a large amount of interesting and variable 
test-flying. 

In addition, the Radio and Meteorology, and the Inspection 
Departments may hire men with an engineering background. In 
most cases these positions are more or less specialized in nature, and 
will require men who have been trained in some one of the more 
general phases of airline transportation engineering. 

At the University of Detroit, the Aeronautics Department does 
not attempt to give a specialized course in Airline Transportation 
Engineering. In the Senior year of the regular Aeronautical 
Engineering course, we give the student a choice between a Tech¬ 
nical or an Industrial Option. In either election, the student will 
take a one-semester course in the subject Airports and Airways. 
However, if the student plans on entering some phase of airline 
operations, we recommend that he elect the Industrial Option, where 
in addition to the Airways course, he will receive additional train¬ 
ing in such subjects as Engineering Law, Business Administration, 
and Personnel Management. In this way, the student will be bet¬ 
ter equipped to take such generalized engineering positions as the 
Airlines offer, where he will not be required to do such rigorous 
technical work as he would in a purely engineering position involv¬ 
ing research or design. 

The course in Airports and Airways is a short introduction to 
the economics of airline operation, and the organizational eharae- 
teristies of a modem airline. In the opening phases of the course, 
we give the mathematical development of the equations for cal' 
culating the speed-made-good for various types of transports over 
various lengths of runs, and flying at various altitudes. There are 
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two equations involved, one for the calculation of scheduled speed 
made good at low altitudes, and the other for the scheduled speed 
made good at high altitudes. 

The derivation of these two equations involves a fairly large 
amount of time, since a thorough study of effects of flight at vari¬ 
ous altitudes, effects of maximum cruising speed of an airplane on 
scheduled speed, and effects of factors affecting speed made good 
such as ground manoeuvering time, etc., is made during the de¬ 
velopment of the equations. 

Then follows an analysis of the organization of a modern air¬ 
line along both the functional and straight-line systems of organi¬ 
zation. The set-up for a typical domestic airline, and a typical 
international airline are studied in detail. 

The course is concluded by a thorough analysis of the economic 
features of a modern airline. The calculation of Direct Operating 
Charges and Fixed Charges for a typical airline are worked out in 
class in great detail, and the student follows along with a similar 
home problem in complete detail -jyhich becomes due at the end of 
the cour.se. Charts showing the growth of airline operations 
through the past years are drawn, analyzing the increases in pas¬ 
senger miles flown, pounds of mail carried, and pounds of express 
carried. 

This year, the author inaugurated a particular type of problem 
for this class, which, although only assigned once to date, seems to 
have fulfilled expectations even more than was originally hoped. 
At the midpoint of the course, the student is assigned the problem 
of laying out and establishing an airline over a given route, which 
this year was from Dayton Ohio, to Nome Alaska. The only stipu¬ 
lated conditions are that the route must be covered as efficiently as 
possible, in the least time as possible, with a maximum amount of 
allowable payload to be carried. 

The student is required to select a suitable airplane for the 
route he wishes to fly, compute all the speeds made good for the 
various legs of the route as he lays it out, compute fuel consump¬ 
tions, payloads, flight times and altitudes, and lay out a route map 
for the entire distance showing mileages, etc. 

Some remarkably fine reports were turned in on this assignment. 
Most of the students showed that they had acquired the faculty 
of being able to efficiently analyse many of the operating problems 
connected with a modem airline, and speaking from past airline 
experience, the author knows that several of these reports were 
so complete in every detail, even including meteorological considera¬ 
tions, that they could be taken as the initial step in the actual es¬ 
tablishment of such an airline. 

. The author feels that the solution of this problem in as much 



680 REQUIREMENTS FOR AIRLINE TRANSPORTATION ENGINEERING 


detail as done by the majority of the students, thoroughly demon¬ 
strated more of the actual problems involved in airline transporta¬ 
tion engineering than could have been discussed in clas5 in the 
period of a whole month. 

It will be noticed that no attempt is made to teach the embryo 
airline engineer anything about the thousands of maintenance 
problems which he will undoubtedly run across. The.se can only 
be learned through experience. If, when associating himself with 
an airline, the young graduate would request a six months training 
period in the airline’s maintenance shops, this would be the very 
best type of training that he could possibly get. As a matter of 
fact, several of the larger airlines are actually making this a require¬ 
ment of their new engineers, but the majority are still putting the 
man on the job as soon as possible. 

If the young graduate possesses the time and the necessary 
wherewithal, he could very profitably spend a year in one of the 
better trade schools such as the Boeing School of Aeronautics, and 
take their course in Airline Maintenance and Operations. At the 
conclusion of this type of a course, and backed by his engineering 
training, he would possess the necessary qualifications for becom¬ 
ing an A-1 Airline Transportation Engineer. From that point on, 
it would be entirely up to him, as to the amount of progress he 
could actually make. 

The tendenCjV for a young engineer to choose Airline Transpor¬ 
tation Engineering as a career will undoubtedly decrease during 
the next few years, or at least as long as world conditions exist as 
they are at the present time. The unprecedented demand for 
aeronautical engineers in the manufacturing and National Defense 
programs has created a scarcity of young men with the required 
training, and hence there are practically none available for the 
airlines. The military manufacturers are able to offer .so much 
more attractive proposals than the airlines, that this, too is tending 
to draw all available men into the industry. 

However, with the cessation of preparedness programs, the 
world will witness such an expansion of travel by air as it has never 
experienced in all its history. Such things as the carrying of all 
first class mail by air, the inauguration of high-speed express 
routes, and the tremendous expansion in feeder-line transport will 
give us air networks in this country not even equalled by the 
mushroom growth of the railroads in their heydey. Then will 
come the real opportunities for the Airline Transportation Engi¬ 
neer. There will be unlimited opportunities in both domestic and 
international air transport, and with the facilities and trained 
man-power we already have at our disposal, the United States vrill 
lead the world in quality and volume of Air Transport. 



FOREIGN LANGUAGES IN A SCHOOL OF 
ENGINEERING 

Bt d. p. kryntne 

Besearch Associate in Soil Mechanics, Yale University 

Tlie object of this article is twofold: (a) to jrive a brief outline 
of the work done at the present time in the province of teaching? 
foreign languages to engineering students, and (6) to advance some 
views as to how this work should be done, if at all. during the war 
and in the post-war period. These views are the writer’s and are 
submitted for possible criticism and discussion. 

The undergraduate curriculum for engineering students does 
not always contain foreign languages. Graduate students who are 
candidates for the doctor’s degree generally have to pass an ex¬ 
amination in both German and French, one year before the pres¬ 
entation of the dissertation. Graduate students working for the 
master’s degree are generally excused from foreign languages. 

Graduate students who take the examination in foreign lan¬ 
guages are supposed to acquire the knowledge of those languages 
by themselves. In some universities the German and French de¬ 
partments organize foreign language courses for engineering stu¬ 
dents. Sometimes students take private lessons mostly from 
teachers having no engineering preparation and unfamiliar with 
engineering terms and interests. In some instances women teachers 
are preferred on the theory that women are more talkative than men, 
and during a short lesson many subjects may be touched. Others 
prefer men teachers, since in their eventual engineering and scienti¬ 
fic contacts they will deal mostly with men, and they want to hear 
how men speak a given language. In the belief of the writer, 
there is a kernel of sense in the latter opinion, since, after all, men 
and women do not speak exactly in the same way. 

As to the requirements of the examination itself, they are also 
different. The examination may be oral, or written, or both. Gen¬ 
erally, the student is given a foreign book or article and is required 
to read it in English withoi^t having to read it aloud in the original 
tongue. In other words, the examiner does not care what kind of 
accent the student has in the given language. Besides technical 
matters, the student is sometimes required to translate novels, short 
stories, or similar material.. The use of a dictionary is sometimes 
permitted, sometimes—and this is in rare occasions—the dictionary 
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is taboo. Personally, the writer does not see why a reasonable use 
of the dictionary should signify an unsatisfactory knowledge of a 
language. Do persons who possess excellent command of English 
never copsult Webster? Technical and scientific material of mathe¬ 
matical character, such as the theory of elasticity or fluid mechanics 
should be read, of course, without dictionary. 

The writer has observed some cases when, two or three years 
after passing his or her examination in foreign languages, the 
student (now Ph.D.) had but a very remote idea of these languages 
These observations were outside of a school of engineering; but 
of course, the same situation may occur with engineering students 
too. 

General Statements 

# 

Practice of examinations and teaching in foreign languages for 
graduate students in the Department of Civil Engineering at Yale 
is described hereafter. It should be understood that the work de¬ 
scribed represents the writer’s own experiment rather than a defi¬ 
nite policy of the Department. The writer formulated for himself 
the following statements: 

Statement 1 

For making a good translation from a foreign language, for in¬ 
stance from German into English, three things are neceasary, and 
in the following order of importance: (a) A thorough knowledge of 
a given speciality, and particularly a good understanding of the 
subject-matter of the given article; (6) perfect command of written 
English; (c) satisfactory knowledge of German. Thus an educated 
German girl speaking good English cannot translate an article in 
organic chemistry, if she never studied this science. Again, an 
American engineer, of a given speciality knowing some German, 
po.ssibly will prepare a better translation from German into English 
than a German engineer, of the same speciality, knowing some 
English. 

It follows from this statement that good formal knowledge of a 
foreign language is not very necessary for an engineer if he does 
not intend to go abroad for a long period of time. He does not 
need to know well all the exceptions in the grammar; but, if he sees 
a new issue of a foreign technical periodical, he must be at home 
there and must be able to understand what the authors are talking 
about and to choose an interesting article, if any, for himself. He 
must be able to translate that interesting article of his using & 
dictionary. That is all he needs. This statement may sound like 
heresy to the faculty members of German and PrencilSr departments,' 
the writer, however, believes that it is correct. ' ; 
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V 

Statement 3 

In teaching a foreign language, emphasis should be laid on the 
study of ideas, and not on the study of words. The acquisition of 
a certain vocabulary is, of course, an unavoidable evil. It should 
not be forgotten, however, that the time used in memorizing words 
is an unpleasant duty for a grown-up person and is generally con¬ 
sidered as time lost. Furthermore, as stated above, words evaporate 
very easily from the mind; whereas, this is not so general in the 
ease of ideas. Since we are dealing with engineering students 
these ideas should be of technical character. The writer believes 
that the student’s work must' lead him to the answers to the fol¬ 
lowing questions: 

(a) Is civil engineering more (or less) advanced in that country 
than in America: in what branches: what is worthwhile to 
study in that country ? 

(b) Do engineers in that country know what is being done in 
America? Do they follow the American technical literature? 

(c) What do engineers of that coifiitry think about American work 
in civil engineering? What have we to think about them? 

(d) Who are the outstanding civil engineers in that country? 
What did they do? 

(e) What is the past of civil engineering in that country? (Some 
engineering history.) 


Statement 3 

In teaching foreign languages for engineers, emphasis should be 
laid on the reading of the current periodical literature and not on 
the reading of books. Possibly the material, which may be found 
in outstanding foreign technical books, is already included in the 
corresponding graduate courses given in the school. This is not 
true of the latest issues of periodicals. Furthermore, to read a 
book requires much time which may be usefully spent in getting 
familiar with several periodicals. Finally, periodicals reflect the 
actual cross section of the technical life in a given country whereas 
the best book generally deals with one side of it only. 

Organization op the Work 

After some trials, the following procedure has been developed 
at Yale. To start the work in the Department of Civil Engineer¬ 
ing some little knowledge of the language is required as a prerequi¬ 
site, since it is obvious that the Department cannot teach such 
things as reading or elementary ^ammar. But nobody is per¬ 
mitted to take an examination in foreign languages if he is not 
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familiar with the periodical teihiiical literature in the given 
language and with the technical life of the corresponding country. 
The Department takes care of this work. * 

As soon as the instructor determines the degree of knowledge 
of a new student in the given language, he gives him a written as¬ 
signment based on the student’s preparation. Generally, the first 
assignment is concerned with the cover of a periodical, its title, 
where and by whom it is published, its table of contents, titles of 
some articles. The student is advised to have a wordbook, to write 
down all the new words and to learn them. The next time he 
comes to see the instructor, the latter checks his work, and hands 
him assignment No. 2, in which some translation of an article 
(mostly of a part of an article) is required. The assignments be¬ 
come more and more complicated until the student is able to pre¬ 
pare a written characterization of the given periodical (in English). 
He is then required to find the American counterpart of that 
periodical and to compare them. 

Obviously, reading and translation of technical articles arouse 
interest and provoke discussion along the lines already mentioned. 
It is desirable therefore, that in a school of engineering instructors 
in foreign languages be engineers. 

The work may take from two months to one year, depending 
on the degree of preparedness of the student. Lately the writer 
had a student who already possessed good knowledge of both Ger¬ 
man and French when he came. He worked hard, however, during 
two summer months and passed through twelve solid assignments. 
As an example his examination questions in German are given be¬ 
low : 


Examiimtion Questions in German 
Do not use dictionary or any other book of yours 

1. Translate the section entitled “Belastungsannahmen” of the 
article ‘ ‘ Umbau der St. Erieksbriieke in Stockholm, ’ ’ Beton und 
Eisen, vol. 14, July 20, 1938, page 234. 

2. Open the booklet “Fiihrer durch die teehnisehe Mechanik” on 
page 20. Give the English equivalents of all titles printed in 
heavy types. 

3. Write in English a brief outline (about 15 lines) of the book 
review “Versuehe fiber die Eigenschaft des Holzer naeh der 
Trocknung,” Beton und Eisen, vol. 14, July 20, 1938, page 11, 
Textbeilage. 

4. Write a comparative characterization of the German periodical 
“Die Bautechnik” and of the French periodical'‘Travaux.” 

5. Who was Mfiller-Breslau f Culmannf 
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6. You are given two copies of the journal Wasserkraft und Was- 

sermrtschaft. This is a new journal to you. 

Find out: 

{a) The name of the editor; 

(5) Where the journal is published; 

(c) Define the lines of interest and write a brief characterization 
of this journal; 

(d) Is this journal interesting for an American structural engi¬ 
neer f Why? 

As a rule, during the course (if this informal instruction may 
be termed so), the student becomes acquainted with the following 
periodicals: 

(a) German: 

Zeitschrift fiir angewandte Mathematik und Mechanik 

Zeitschrift fiir Mechanik 

Die Bautechnik 

Der Bauingenieur 

Beton und Eisen 

V erkehrstechnik 

Zeitschrift des Vereins der deutschen Ingenieure (V.D.I.) 

(6) French: 

Annales des ponts et chaussees 

Le G^nie Civil 

Travaux 

The student completes his work by becoming familiar with the 
proceedings of the international congresses (Road Congresses; Con¬ 
gresses of Large Dams; Congresses of Applied Mechanics; Con¬ 
gresses of Structural Engineering). Both foreign and English 
versions of the corresponding proceedings are used. 

Work During the War and in the Post-War Period 

The term “engineer” will be used hereafter to designate the 
American engineer of aaty speciality. We are at war now wit! 
Germany and are perhaps on the eve of the second front in Ger¬ 
many itself. In this occasion our present juniors and seniors who 
possibly will be army or navy officers at that time will have neces¬ 
sarily to do with German engineers and German populations. The 
lessons of history should not ber forgotten. One of the first things 
the-Germans had to do after occupying Holland was to put Dutch 
eivil engineers to work for them notwithstanding the superabun¬ 
dance of their own technical forces. If a similar situation occurs 
sometime to the American army in Germany, a little of the German 
language and some understanding of the Geman mind will not 
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harm. Of coiirsc*, a vast profjrani of study as described above is 
out of the question at the iireseut time. 

It is risky business to prophesy what may happen after "the war, 
but as the writer sees the situation, American engineers with 
knowledge of foreign languages will be needed in great numbers 
for restoration work both in Europe and in Asia. As foreign 
industry is restored, it will necessarily compete again with the 
American, and products “made in Japan” and “made in Ger¬ 
many” will reappear on the market. To be successful in the eco¬ 
nomic struggle one must understand well both his friends and his 
enemies, and this is impossible without knowing how they talk 
and what they think. Again, it is quite iiossible that after the 
war, the study of other languages, for instance of Russian or of 
Spanish, may become necessary. , 

It may be argued that as the time passes the English language 
occupies more and more field and may become international like 
Latin in ancient times. This is perfectly true; but it is also to be 
remembered that the Romans studied foreign languages, and bor¬ 
rowed some worthwhile technical ideas from abroad. For ex¬ 
ample, Vitruvius’ books on Architecture contain a goodly number 
of Greek examples. 



RELATING WRITING TO THE ENGINEERING 

CURRICULUM 

By C. A. BROWN, 

Chairman, English and Coordination Department, General Motors Institute 

ANn 

.T. P. RTEBEL, 

Instructor in English 

Ill the chapter entitled “Conclusions and Roconunendations” 
which Dean II. P. Ilaniinond wrote as a part of the report on Im- 
sfruction in Engli<i}i in Engineering Colleges, he says, “For good 
results in English, it cannot be said too often that the active sup¬ 
port and cooperation of the engineering staff are indispensable." 
With this we all agree, but, it being a truism that cooperation works 
both ways, unless we go out of our way to render service to the 
engineering faculty, we can hardly expect the reciprocal treat- 
meiIt.**"*This note describes an effort on the part of some teachers 
of English to engineering students to render such service. 

At the General Motors Institute, we went to all of the depart¬ 
ments of instruction and asked for topics that had been covered in 
the first two months and upon which students could be expected to 
write papers from one paragraph to two or three pages in length. 
Members of the various departments were very enthusiastic. The 
Science Department, for example, said that their freshmen at the 
end of two months could be expected to write on such topics as 
Plastic and Elastic Deformation, the Steel Code, Tensile Strength, 
Malleability, Alloys, the Tensile Test Piece, or the Metric System. 
The Mathematics Department offers as possibilities assignments 
such as Computing the Quotient by Logarithms, Finding the Side 
of a Right Triangle from a Known Side and a Known Angle, Com¬ 
puting a Product by Logarithms, or Interpolation for Seconds— 
Natural Function. 

In Foundry Practice students should be able to write on such 
topics as the Fundamentals of Iron Ore Production, the Blast 
Furnace, the Construction and Operation of the Cupola, Different 
Types of Patterns, Types of Molding Machines, Production 
Foundry Technique vs. Jobbing Foundry Technique, or the Use 
and Manufacture of Cores. 
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Mechanical Drawing students might be expected to write on 
such topics as the Use of Drawing Instruments, the Arrangement 
of Views, Orthographic Projections, or Fillets and Rounds.* 

Machine Shop topics abound. A few are Speeds and Feeds in 
Cutting Steel, Uses of Height Gages, the Uses of Surface Gages, 
Types of Piles, Safety Precautions in Bench Work, the Develop¬ 
ment of a True Plat Surface, and Layout Tools. 

The English Department is not omitted from our list. Since 
we cover the writing of technical reports during the first month, 
we can and do expect our students to write about the physical 
make-up of a technical report. Other topics include Agreement, 
Reference, and Making a Tentative Outline, 

The advantages are, of course, obvious. Here is a fund of class 
theme topics for the teacher who has difficulty in, finding subjects 
upon which students can easily write. Some of the topics lend 
themselves readily to practice in paragraph development. ' 

Still other uses may be made of such a list. For example, 
following a discussion of classification and organization, we asked 
our students to prepare an outline for a paper on Types of Piles.” 
The accurate use of words can be emphasized, since the slovenly 
use of words is unthinkable in the field of work in which a young 
man expects to make his career. When an embryo engineer wrote. 
“A meter is a yard that is .‘19.37 inches long,” we were able to 
help him. 

One more word may be said concerning the use of technical 
subject matter in the English courses. At the meeting of the 
Teachers of English in Technical Schools held in Ann Arbor in 
1941, we devoted one session to technical writing. At that meet¬ 
ing the suggestion was made that the English teachers need not 
hesitate in having students write on technical subjects simply be¬ 
cause they were afraid they might not comprehend the subject 
matter, Mr. Thomas 0. Richards, Head of Laboratory Control 
Department of the Research Laboratories Division of General 
Motors, agreed, and, in fact, went on to say that except for “fruit 
canning” (highly technical information for the internal use of 
an organization) any paper on a scientific topic should be under¬ 
standable to any person as well educated as the average English 
teacher. If we welcome more papers on subjects of interest to 
our engineering students, we will perhaps be rendering a real 
service. 

The more one thinks about the idea, the more possibilities 
appear. All that is required is a spirit of cooperation and a trijp) 
around the campus with pencil and note book. Swcceeding trips 
will serve to keep the list up to date, and incidentally help the 
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rest of tlie faculty to get better acquainted with the members of 
the English Department. 

Topics Suitable for Student Writing in English 
Second School Month 


Mechanical Drawing: 

The Various Drawing Instruments 

The Use of Drawing Instruments 

The Arrangement of Views: Orthographic Projections 

Fillets and Hounds 

Machine Shop: 

What Is a Toolmaker? 

The Toolmaker’s Trade 
Standard Machine Tools 
The Qualifications of a Good Mechanic 
Speeds and Feeds in Cutting Steel 
The Uses of Hand Scraping . 

The Uses of Height Gages 
The Uses of Surface Gages 
The Types of Files 
The Purpose of a Layout 
Layout Tools 

Chisels Used in Shop Work 

Safety Precautions in Bench Work 

Various Heat Treat Operations 

The Purpose of Quenching 

The Purpose of Annealing 

The Development of a Flat True Surfacfe 

Mathematics; 

Logarithms 

Finding the Side of a Right Triangle from a Known Side and 
a Known Angle 

Finding an Acute Angle of a Right Triangle When Two Sides 
Are Given 

Computing a Quotient by Logarithms 
Computing a Root by Logarithms 
Computing a Product by Logarithms 
Interpolation for Seconds: Natural Functions 
Interpolation for Seconds: Logarithmic Functions 

Science: 

Plastic Deformation 
Elastic Deformation 
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Alloys 

The Steel Code 

Density vs. Specific Gravity 

Tensile Strength 

Hardness 

Toughness 

Malleability 

Ductility 

The Tensile Test Piece 
The Metric System 

Foundry Practice: 

Explain the Fundamentals of Sand Casting 

(а) Materials used 

(б) Making the Sand Mold 
(r) Pouring the Castings 
(d) Cleaning the Casting 

The Fundamentals of Iron Ore Reduction 
The Blast Furnace 

The Construction and Operation of a Cupola 

Production Foundry Technujuc vs. Jobbing Foundry Technique 

The Parts of the Mold 

Different Types of Patterns 

The Use and Manufacture of Cores 

Hand Tools Used by a Molder 

Two Types of Molding Machines 

How to Make a Pattern 

English: 

The Coiirdination Report 

Agreement 

Reference 

The Importance of a Technical Education in Wartime 
Selecting a Subject 
The Tentative Outline 



ENGINEERING JOB AND TRAINING OPPORTUNITIES 
IN THE AIRCRAFT INDUSTRY * 

By C. T. BEID 

Douglas Aircraft Company, Inc. 

T. Departments and Classipication.s op Work 

Since the present enf?ineering traininf^r in the aircraft industry 
embraces practically all phases of the en{?meering work, it is desir¬ 
able first to make sure of just what the subdivisions of engineering 
work are before reviewing the courses. The engineering done to 
produce an airplane is not any one man’s duty, nor is it a fixed or 
simple process. Rather it is the combined effort of a team of spe¬ 
cialists who “exchange signals” and “make plays” as required 
by the particular situation, always in joint effort. Best known 
among these specialists may be the very few whose duties include 
the largest share of aeronautical glamour, such as the aerodynami- 
cist and stress analyst. Because these are often best known, it is 
a common error to believe that aerodynamics and stress analysis 
make up the bulk of aeronautical engineering work. The less 
known men who constitute the great majority in our Engineering 
departments are the specialists in a dozen separate types of de¬ 
sign. These types are largely branches of mechanical engineering. 
Often the work is so nearly purely mechanical engineering that 
the product of the factory might well be any other piece of intri¬ 
cate machinery than an airplane. These engineers populate the 
large groups that lay out the working parts of the airplane, de¬ 
velop arcs of movement, clearances, types of linkage and connec¬ 
tions and determine strength to withstand design loads and vi¬ 
bration. They build mock-ups, make calculations and produce 
the working drawings. They are designers of control mechanisms, 
hydraulic systems, power plant installations, air conditioning equip¬ 
ment, electrical installations, interior furnishings, as well as of the 
skeleton work of the airplane itself. 

From among the ranks of these design engineers come perhaps 
99% of men promoted to such major engineering responsibilities 
as group leader, project engineer and chief engineer. 

Aiding the main production groups are various auxiliaries. 
Prominent among them is the shop liaison group. Its duties are to 

* Presented at the Texas Personnel Conference, University of Texas, Oc¬ 
tober 29, 1942. 
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follow up design in the production departments of the plant. In 
close collaboration with the inspection department, the liaison engi¬ 
neers do trouble shooting, coordinating with production pftinning 
and with tooling, and operate an engineering salvage service. 

Another important auxiliary group produces production break¬ 
down illustrations. These illustrations are drawings made by peo¬ 
ple jointly trained in engineering drawing, art drawing and pro¬ 
duction methods. They enable us to place into the hands of our 
many new green shop workers blueprints that are pictorial, with 
3 dimensional views, readily read and understood without the 
usual study of orthographic projection. 

All these types of work require training. They also require 
good organization and direction, therefore, leadership training, in 
addition to the studies of individual engineering; specialty func¬ 
tions, must receive proper attention. 

II. Approaches to the Various Training Problems 

Before the war we generally hired only the men who seemed to 
measure up to our stiffest specifications. We put them right to 
work and let them learn the methods and practices of our industry, 
and our particular companies and plants, by association with older 
employees. Demands for more and more engineers have come and 
the supply of available ones to hire has steadily dwindled. Simul¬ 
taneously, the increase in pressure for war production has made 
it harder and harder to tolerate the production setback of assimi¬ 
lating new men right on the job. To meet this situation we have 
organized various break-in procedures. The usual plan is for a 
new comer to spend from 4 to 6 weeks full time every day in lec¬ 
tures, plant tours and practice on the drafting board under care¬ 
ful supervision. The program begins with a recheck of proficiency 
at mathematics and engineering drawing, with the mathematics 
treated primarily as to its application to layout drafting practices. 
Our designers must be acquainted with practical Descriptive Geom¬ 
etry as well as practical algebra and practical trigonometry. These 
three branches of mathematics find far more use in aircraft design 
work than does calculus or any still higher level of math. The 
study of engineering drawing must be fully applied to shop prac¬ 
tices in metal product manufacture. An appreciation of the prac¬ 
tices of the foundry, forge, machine shop and sheet metal shop is 
indispensable. Pattern draft angles, fillet radii, limits and toler¬ 
ances on dimensions for various classes of fits, and standard forms 
of screw thread, must be understood. 

While rechecking on th^ things (which shouloT already be a 
part of the new man’s knowledge before he comes to us), we give 
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the man a break-in to the aircraft industry, acquainting him with 
its nomenclature, materials, manufacturing customs and practice, 
standards of design, and government design regrulations. Also, 
we take this occasion to acquaint him with the geography of the 
local plant and its rules of conduct. Finally, we help him to choose 
one of the design specialties and give him private coaching for a 
couple of weeks along that line. When he finishes the break-in 
course he is ready for a bouafide assignment of work vital to the 
war effort. By then we have made a considerable investment in his 
training, asking no return from his services meanwhile and even 
paying him at overtime rate for the extra hours involved in the 
heavy course. 

This procedure is quite regularly followed both with new young 
men right out of college and older ones whose experience in other 
industries requires adaptation to our practices. Many women now¬ 
adays are included in this routine. 

Next let us consider the very special attention given to an oc¬ 
casional outstanding young man.^ It has long been our practice to 
pick out a few young men each'' year for a very special training 
privilege. Their program consists of work time on a rotating sched¬ 
ule through all the main departments of the plant and all the ad¬ 
ministrative offices. We call it the shop experience course. It 
aims to enable students to gain first-hand contact with as many 
typical situations in production and management in a few months as 
ordinary experience would provide in several years. These young 
men are being groomed for key engineering and executive positions. 
Their alumni list runs high in percentage of responsible heads of 
various phases of our work. 

To enter the shop experience course a man must be invited. 
Those who receive our management’s invitation have shown by their 
conduct and associations during the early weeks of their employ¬ 
ment that they stand head and shoulders above the crowd in pro¬ 
ficiency and leadership qualities. 

Besides these full time training activities, operating right on 
payroll time, there are part time programs which interrupt work 
for brief classes, lectures and study conferences, to develop better 
understanding of design specialities, new design practices, new ma¬ 
terial, and principles of supervision. 

Outside of hours training activities are widely used. The 
typical university extension course, now so readily made available 
at no tuition cost through the E.S.M.W.T., is the best example. 
Large numbers of our engineers carry instructor assignments for a 
few hours per week covering the various design specialities aiid 
principles of engineering management. Th^ classes operate at 
night for day workers^ and in the daytime for night workers as well. 
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They are located anywhere convenient to the student, sometimes 
right in our own factory buildings. 

All the classes we operate or support have been born of necessity. 
Usually they have been set-up to meet an actual emergency need. 
We find ourselves in the school business although rather unwill¬ 
ingly. We would prefer to lean upon those in.stitutions who make' 
education their profession, and accordingly know best how to carry 
it through. However, we are not unwilling to assume whatever 
may prove to be our fair share of the load. We expect to have 
always a certain amount of job training and local familiarization 
to handle. 

Last but not least to mention among our engineering training 
efforts is the promotional work with the schools and colleges. There 
was a hint of this in our earlier remarks about desirable pre-requi¬ 
sites for the break-in. To any educational institution that shows 
good prospect of being able to make good use of it, Ave are eager to 
furnish in detail the particulars of what training it takes to qualify 
an engineering employee to serve our needs. We find this curricu¬ 
lum building a slow, tedious process. It required much patience. 
Often it is very discouraging. It always seems far easier to per¬ 
suade whatever company is present, of a need than to get something 
positive done about it. I’m glad to say that deep in the heart of 
Texas we regularly find much better cooperation than the national 
average. 

We urge that the college training of engineers be given more of 
a practical flavor. We would like to see more emphasis upon pro¬ 
duction values. In mathematics, physics and metallurgy there is 
an opportunity to teach through problems making direct applica¬ 
tion to production situations. If this is done there will be a distinct 
improvement in the qualifications of the applicants who come to us 
for jobs. 

We want to see more training of women for technical work. We 
turn strongly to them for help in these days of absence of sufficient, 
available men. We find noAv that technically trained women are 
very scarce. It may be well to offer them a course of no more than 
one year duration to cover the high points of usual pre-engineering 
studies in mathematics, mechanics and drawing plus a few aero¬ 
nautics specialities like materials and manufacturing processes. 
We do not recommend including aerodynamics or stress analysis 
in such a course. The year referred to should be a full calender 
year of 12 months, not just a school year, and might even include 
6 day week operation. 
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III. Forecast 

Ill closing perhaps a word of forecast is in order. What are the 
industry’s engineering man-power needs for the war? Well, a 
recent survey of the plans of the 8 companies operating in Cali¬ 
fornia shows a larger number of engineering college graduates de¬ 
sired before the end of 1943 than will likely graduate from the 
entire nation’s colleges without Army or Navy commissions. And 
we are just talking about California companies. 

Many young engineers we interview want to know about em¬ 
ployment conditions after the war. Sympathizing fully with this 
yearning for knowledge we gaze into our crystal ball and through 
the fog seem to see a few things fairly plainly. One is, all the ex¬ 
perience now being gained in straight line point-to-point air cargo 
operation over land or sea indiscriminately with the world’s largest 
land planes isn’t going to be just tossed aside on an armistice day. 
Another thing we can see is, the steady stream of travelers on offi¬ 
cial war business who commute by air between the capitols of the 
continents, who are too spoiled'for any slower transportation to 
think of giving up the present style. 

We don’t have to wait for perfection of a poor man’s airplane 
to find a non-military market for aircraft. There is an enormous 
market now, potential and real, for common carriers. Surely the 
engineers engaged in the manufacture of these have better than 
average chances of permanency and steady rise. 

Right now the opportunities are infinite. The aircraft industry 
is glad to hire at its door steps any man or woman of personal 
eligibility who has mastered just the bare fundamentals of our 
technical jobs. In fact many are being put on the payroll with the 
most obscure qualifications, and patiently lead by the hand through 
a familiarization period. Engineering training in the aircraft in¬ 
dustry at the present time is one of that industry’s most serious 
engineering problems. 



PROFESSIONAL ENGINEERING DEGREES 


By G. M. BUTLEB 

Doan, College of Engineering, UniverBity of Arizona 

In the spring of 1942 a committee that consisted of Dean T. 0. 
Chapman and the writer, created in the University of Arizona, was 
assigned the task of investigating practices followed in granting 
professional degrees, and formulating a procedure to be followed 
in Arizona. 

Questionnaires were prepared and mailed to the deans or presi¬ 
dents of all engineering colleges in which one or more curricula 
had been accredited by E.G.P.D., including mining colleges, and 
85 of these questionnaires were filled in and returned. From them 
the data herein given were compiled. 

Sixty-two institutions, or 78 per cent, certainly confer these 
degrees, while 22 institutions do not do so, and the tenor of one 
reply was doubtful. 

Three institutions, Colorado School of Mines, Columbia Univer- 
sit 3 ^ and Michigan School of Mines, confer them as baccalaureate 
degrees, and three colleges grant them as graduate degrees after a 
fifth year in residence. 

By 44 institutions they are considered earned degrees; by 6, 
honorary degrees; by 7, both earned and honorary; and 6 did not 
give this information. 

Fifteen colleges require a thesis (which involves research in 10 
of them), 13 require a report that covers engineering work of 
which the candidate was in responsible charge, 28 accept either 
such a thesis or report, 4 require neither a thesis nor a report, and 
3 did not furnish this information. 

Fifty-four institutions require that the thesis or report be de¬ 
posited in the general library; one requires that a thesis, but not 
a report, be deposited in that library; one that a thesis or report 
be deposited in the departmental library; and 3 did not furnish 
this information. 

One college requires that a second copy of the thesis or report 
be deposited in the college library, and another college demands 
that it be placed also in the departmental library. 

The time that must elapse after a baccalaureate degree has been 
received before a graduate is eligible for a professional degree 
varies from one to ten years; the weighted average is 4.46 years, 
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About a third of the institutions that do not grant these degrees 
until three or more years after graduation require that for from 
three to five years a candidate shall have been in responsible charge 
of engineering work. 

Forty-seven institutions grant these degrees only to their own 
graduates, eleven sometimes confer them on graduates of other in¬ 
stitutions, and four failed to give this information. 

Forty-six institutions confer these degrees only upon gradu¬ 
ates who have made an outstanding professional record; six col¬ 
leges confer them as a routine matter without consideration of 
the nature of the candidates’ experience as engineers; and eleven 
institutions withheld this information. 

As compared with the number of undergraduate degrees con¬ 
ferred, 71 per cent of the colleges that supplied this information 
eventually confer two per cent, or less, as many professional de¬ 
grees. The relatively small number of such degrees conferred 
emphasizes the fact already stated that, in most instances, the con¬ 
ferment of these degrees is decidedly not a routine matter. 

One college reports that it'grants these degrees to graduates 
who have had at least five years of practical experience provided 
they have done above average undergraduate work, while another 
institution grants these degrees only to registered professional 
engineers. 

Consideration of the facts given shows that an institution will 
conform to the practice that prevails in the majority of the engi¬ 
neering colleges in the country if it observes the following regula¬ 
tions : 

Professional engineering degrees which are regarded as earned, 
not honorary, are granted to the colleges’ own graduates, only, 
who have made outstandingly good professional records during not 
less than about five years after baccalaureate degrees are conferred, 
provided the candidates themselves apply for the degrees, and 
provided, also, that such applications are supported by either a 
thesis that may or may not involve research or a report on pro¬ 
fessional work done by the candidate, which thesis or report is 
deposited in the institution’s general library. 



THE “ENERGY METHOD,” WHICH ONE? * 

By ALFRED S. NTLBS 

Professor of Aeronautic Engineering, Stanford University 

Summary 

After a ffeneral discussion of possible systems for designating 
calculation i)roce(liires applicable to structural analysis, some spe¬ 
cific suggestions are made regarding the group of procedures that 
often pass under the name of “the energy method.” Many of the 
problems to be solved by the structural engineer fall into three 
distinct groups. 

I. Determination of deformations and deflections of a structure 
subjected to known loads. 

II. Computation of internal forces and external reactions for a 
statically indetermitiate structure in equilibrium. 

III. Determination for a structure in equilibrium whether that 
equilibrium is stable, neutral, or unstable. This includes 
l)robleuis of detennining the “critical loading” at which eqiii-^ 
librium changes from stable to unstable. 

Many of the procedures taught for solving problems in each of 
these groups involve conscious use of certain principles pertain¬ 
ing to the strain energy stored ixi the structure, and the work done 
by the external forces as they are being applied. Therefore many 
of these procedures are called “the energy method” or “the strain- 
energy method” by their proponents. If only one procedure were 
so designated there would be no confusion. At present, however, 
these terms are api)lied to so many radically different procedures 
that they are worthless for purposes of identification. 

An important source of this confusion in terminology is fail¬ 
ure to recognize effectively that very different practical procedures 
may be based on a single principle or group of principles, and also 
that a single procedure may be justified by resort to alternative 
groups of principles. For example, the analysis of a simple truss 
by the analytical method of joints, and the analysis of the same 
truss by drawing a reciprocal diagram, represent the application 
of exactly the same mechanical principles, but the procedures are 
entirely different. On the other hand, when the deflection of a 

* Presented at the 50th annual meeting, S. P. E. E. (Aerdhautical), New 
York City, June 27-29, 1942. 
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beam is computed by substituting numerical values in a handbook 
formula, there is nothing to indicate whether reliance is being 
placed on successive integration, elastic loads, an “energy method,” 
or merely the veracity of an author and the alertness of a proof¬ 
reader. Similarly the use of the equation 
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ill the solution of a redundant truss may be considered, either as 
a specialized application of the Maxwell-Mohr method of deflection 
synthesis, or as a specialized application of the method of least 
work. In fact this very formula which is presented as an appli¬ 
cation of the former method in the second edition of “Airplane 
Structures,” ® was presented in the first edition^ as an application 
of the latter. 

While easy to point out defects in the present nomenclature of 
methods of analysis, it is not so easy to suggest satisfactory reforms. 
Three general systems are available for identifying a specific com¬ 
putation procedure: One, use tlie name of its originator; two, em¬ 
ploy a word or phrase descriptive of some distinguishing feature 
of the method; three, refer to some principle on which it is based. 

The weaknesses of the first system are, first that the originator 
of the method may be unknown so that credit may be given to 
the wrong man, and second that most of our methods, as used at 
present, have been developed by a sequence of workers among 
whom it is difficult to apportion credit. Some engineers also have 
originated more than one method of analysis, even for a single type 
of problem, and this situation would present difficulties. 

The chief defect of any attempt to name procedures by distin¬ 
guishing characteristics is that very few procedures have such 
characteristics. 

The third method presents a number of problems. In the first 
place, it is rare that a procedure rests on a single principle. 
Normally it depends in varying degree on each of a group of prin¬ 
ciples, and opinions may vary regarding the relative importance 
of each. This makes it difficult to decide which principle to use 
in naming the method. At the same time there are the difficulties 
mentioned above, that a given procedure may be justified by re¬ 
sort to different principles, while a given principle may be the 
chief resort for proving the validity of several distinct procedures. 
In some eases, also, a procedure is originally based primarily on 

1 Niles, A. 8., and Newell, J. 8., ''Airplane Structures,” p. 328, 335; John 
Wiley and Sons, New York, 1929. 

2 Niles, A. 8., and Newell, J. 8., '' Airplane Structures, 2d Ed. Vol. II, p. 
12; John Wiley and Sons, New York, 1938. 
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one principle but later workers find it more easily justified by 
resort to a different principle, and the later derivation is the one 
commonly used in the textbooks. The student is then confused by 
the fact that the procedure is designated by the name of a prin¬ 
ciple to which it bears no apparent relationship. 

This last difficulty is largely due to the fact that most of the 
“principles” underlying methods of structural analysis are not 
independent fundamental theorems. As Mach points out repeat¬ 
edly in “The Science of Mechanics” the actual subconscious basis 
for recognising the truth of a theorem in mechanics is seldom, if 
ever, used as the starting point of a formal proof of its validity. 
One starts from whatever phase of general truth appeals to him as 
self-evident, or at least as firmly established, and then proceeds by 
more or less rigorous mathematical processes to prove the truth 
of the phase which he considers less obvious or less well established. 
For example, Mach sho-ws that when critically considered all of the 
“proofs” of the principle of virtual work may be reduced to the 
statement that “when nothing can happen nothing will happen.” ® 
Thus the so-called “principles” are often not expressions of dif¬ 
ferent facts, but statements of different aspects of the same fact, 
or statements of a familiar fact in a new form. 

This should not be interpreted to mean that the various “prin¬ 
ciples of mechanics” found in the text-books are of no value to 
the engineer. They are of great value in leading to economy of 
thought, and may be likened to the bench marks showing eleva¬ 
tions above sea level, which are set up by the U. S. Geological 
Survey to make it unnecessary to start each new line of levels at 
the sea coast with a redetermination of mean tide. They act simi¬ 
larly as reliable mental datum points from which to start a new 
train of reasoning without having to repeat and duplicate earlier 
work. The individual writer in proving the validity of a pro¬ 
cedure has a free choice of the “mental bench mark” from which 
he will start his line of reasoning, and it is only to be expected 
that different writers will make different choices. 

Another defect of the practice of using the names of mechanical 
principles for identification purposes comes from lack of consistency 
in the formal definitions of those principles. Thus Weld in his 
“Glossary of Physics” defines the principle of Virtual Work as that 
which “states that a condition for the equilibrium of a system is that 
the total virtual work due to all internal and external forces acting, 
upon the system is zero; or in other words, that the potential 
energy of the system is a minimum or a maidmum or constant. * ’ * 

' 8 Mach, E., "The Science of Mechanics," p. 76; The Open Court Pub-, 
lishing Go., Chicago, 1893. * 

♦ Weld, It. D., ^‘Glossary of Physics," p. 247; McGraw-Hill Book Co.| 
New York, 1937. 
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Fife and Wilbur in the “Theory of Statically Indeterminate 
Structures” define it thus, “If a body is in equilibrium and re¬ 
mains in equilibrium while it is subjected to a small virtual dis¬ 
tortion, the virtual work done by the external forces acting on the 
body, plus the virtual work done by the inertia forces, is equal to 
the virtual work of distortion.” ® 

Here are two definitions, one in which the total virtual work must 
be zero, and another in which one class of virtual work must be 
numerically equal to another class. These definitions are not 
verbally identical, and they actually do not describe the same as¬ 
pect, but two closely related aspects, of the fundamental fact 
mentioned by Mach. Either may be used as the starting point of 
a train of reasoning to justify any procedure that could be properly 
called a “method of virtual work.” If Weld’s definition is used 
the first step would normally be a resort to the principle of con¬ 
servation of energy to prove the truth of Fife and Wilbur’s. 
From that point on the trains of reasoning would be identical. In 
this case, therefore, the use of the same name for two different but 
closely related aspects of the s^e body of fact does not result in 
any differences in the derived computation procedures. On the 
other hand, the engineer who starts from Weld’s definition recog¬ 
nizes his procedure is based upon the principle of conservation of 
energy as well as that of virtual work, while the engineer who starts 
from Fife and Wilbur’s definition may fail to recognize that fact. 
Until there is closer agreement among writers regarding the exact 
aspect of the body of fundamental fact described by a given named 
principle, considerable care must be taken when stating that a cer¬ 
tain computation procedure is based on that principle. Otherwise 
the user of the procedure is likely to lack a proper grasp of the 
reasoning on which it is based, and therefore of its exact scope and 
limitations. 

Perhaps the best solution of the problem of nomenclature is to 
attempt a judicious use of all three systems simultaneously. If a 
procedure has a feature which does differentiate it from its alterna¬ 
tives, that feature is the best basis for a name for the method. If 
it can be established that a procedure was originally developed by 
a specific individual, or brought to essentially its present form by 
a specific individual, the method is best known by his name. Often 
it will be proper to use the name of a man who was neither origi¬ 
nator nor perfecter of the method, but the one who had so great a 
share in its development and application to general practice that 
his name is naturally associated with it. The employment of the 
basic principle used for the name of a method is normally un- 

»Plfe, W. M., and Wilbnr, J. B.^ Theory of Statioally IndetermuMte 
Btroetores,” p. 18 j Mo0raw-Hill Book CJo., New York, 1M7. 
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desirable, and should be resorted to onb"^ when the method is an 
obvious use of that principle according to any of its more common 
formulations, and it can be derived from alternative priifeiples 
only by the use of awkward and round-about lines of reasoning. 
In a great many cases no satisfactory designation can be obtained 
by the use of a single basis of nomenclature. Then it is best to 
use both the most appropriate personal name, and either a dis¬ 
tinguishing feature of the procedure or a principle on which it is 
based. 

Another source of trouble in developing a system of nomencla¬ 
ture for methods of analysis is that it is seldom that two writers 
describe a given method identically. Each has his individual 
manner of deriving it, and usually there are also differences in 
the suggested manner of application. If each variation were given 
an individual name, their designations would be so numerous that 
they would no longer be effective for purposes of identification. 
Most of the methods, however, fall into groups and it is usually 
sufficient if the group to which a given procedure belongs is clearly 
identified. One might say they are variations on a certain theme, 
and be content with identifying the theme without trying to specify 
in detail the variation. Even so there would be difficulty with a 
method, and there are many of them, which is a combination of 
procedures of two or more usually distinct groups. In such cases 
perhaps the best solution is to use the name of the originator, at 
least until enough minor variations of his method have appeared to 
justify the recognition of a new group. 

The above remarks are general in character and it is desirable 
to show how the principles of nomenclature advocated might be 
applied in practice. This will be done in connection with the more 
important “energy” methods. No detailed descriptions of these 
methods will be attempted here as they are all adequately described 
in the references. 


Deflection Computations 

The most commonly used “energy method” for computing de¬ 
flections is that which was independently developed by Maxwell 
in England and Mohr in Germany. This method is described in 
several textbooks * in which the proof of its validity closely paral- 

s Nilos, A. S., and Newell, J. S., op. oit., 2d Ed., Vol. I, pp. 373-392; 
Parcel, J. t., and Mauey, G. A., "Statically Indeterminate Stresses," 2d Ed., 
pp. 13-36; Jolm Wiley and Sons, New York, 1936; Spofford, C. M., "Theory of 
Structures," 3d Ed., pp. 359-370; McGraw-Hill Book Co., New York, 1928. 
These and the following references to descriptions of the various computation 
procedures are not intended to be exhaustive but only reprei^tative. Addi¬ 
tional references could have been included but the writer could see no gain in 
so doing. 
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lels that of Maxwell, but covers a wider ran{j:e of problems. This 
proof is based primarily on the proposition that when a structure 
subjected to loads is so deformed that all the energy represented 
by the work done by the forces acting on the surface of the struc¬ 
ture is transformed into strain energy of its elements, the work 
done by the forces acting on these elements during the deformation 
is an independent alternative measure of that energy. This propo¬ 
sition is essentially a direct application of the more general princi¬ 
ple of conservation of energy to the type of event under considera¬ 
tion, and can be derived without resort to the principle of virtual 
work. Mohr, on the other hand, develops practically the same 
procedure as an application of the principle of virtual work. Max¬ 
well’s work was not made familiar to engineers until after Mohr 
had introduced the procedure to common practice, and most engi¬ 
neers have followed Mohr’s example of terming it the Method of 
Virtual Work. Sometimes it is termed the Method of Virtual 
Velocities or Virtual Displacements, those being alternative names 
of the principle in question. Although the writer calls the method 
that of Virtual Work in his book he is not at all satisfied with this 
terminology since, following the example of Clerk Maxwell and 
C. M. Spofford,® he did not use that principle in its development, 
with the result that the reader of his book can see no connection 
between the procedure and its name. He now believes that it 
would have been better to have followed those authors who call it 
the Dummy Unit Load Method, since the use of a dummy unit load 
is its striking characteristic. 

A second “energy method” of computing deflections is also 
described in several texts.® The chief characteristic of this pro¬ 
cedure is a differentiation of the expression for the strain 
energy stored in the structure as a result of imposing the loads 
causing the deflections desired. This procedure may be justi¬ 
fied as a modification of the Dummy Unit Load Method, or as 
a direct application of a principle promulgated by Castigliano. 
Writers differ as to whether the principle in question should be 
called Castigliano’s first or second theorem. Pippard and Baker 
term it the former and Fife and Wilbur the latter. For purposes 
of identification it is suggested that the procedure be termed the 
“Use of Castigliano’s theorem,” dodging the question of the num¬ 
ber of that theorem. This practice should not result in confusion 
with the method of Least Work developed by Castigliano, since 
the latter is used to compute stresses and not deflections. 

7 Maxwell, J. 0., ''On the Calculation of the Equilibrium and Stiffness of 
Frames/' Philosophical Magtmne, London, April, 1864. 

B Niles, A. 8., and Newell, J. S., op. dt., 2d Ed., Vol. I, pp. 394-396; 
Parcel, J. I., and Maney, G. A., op. oit., pp. 36-40; Timoshenko, S., '' Strength 
of Materials," Vol. I, pp. 318-326, D. Van Nostrand Co., New York, 1930. 
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Still a third “energy method” is described by Timoshenko in 
his “Theory of Elastic Stability.”® In this procedure the princi¬ 
ple of virtual work is used explicitly as an essential element in 
determining the coefficients of a Fourier series representing the 
elastic curve, and the desired deflection is obtained by evaluating 
the first few terms of the series. This method could well be called 
Timoshenko's Method of Virtual Displacements. Although Dr. 
Timoshenko has informed the writer that the possibility of apply¬ 
ing this method was suggested by the work of Lord Rayleigh, it 
was Dr. Timoshenko who developed it into a practical tool for 
engineering use. It therefore properly can carry his name. The 
use of his name distinguishes this method from the older one due 
to Maxwell and Mohr, and the use of the term Virtual Displace¬ 
ments in place of Virtual Work might prove helpful in achieving 
the same end. This substitution is particularly fitting since Dr. 
Timoshenko normally speaks of virtual displacements rather than 
virtual work. It may be noted it would be exceedingly difficult 
to justify this method without some resort to the principle of 
virtual work, while it is the opinion of the writer that the pro¬ 
cedure of Mohr can be more readily justified and understood if 
there is no mention of that principle. Dr. Timoshenko suggests 
that this method should be called the Trigonometric Series Method. 

Methods op Analyzing Redundant Structures. 

Several methods are in use for obtaining deformation equations 
needed to supplement the equilibrium equations in analyzing re¬ 
dundant structures. Some, following the lead of Maxwell and 
Mohr, apply the method of superposition to obtain equations ex¬ 
pressing certain known deflections of the structure in terms of 
deflections due to the known values of the external loads and the 
unknown redundant forces. This method is described in many 
texts and is often termed the Maxwell-Mohr Method. It is diffi¬ 
cult to devise an entirely satisfactory name for this procedure, 
and the best the writer can suggest is the “Maxwell-Mohr method 
of synthetic deflections.” This phrase not only gives the name of 
the chief originators of the method, but also suggests the procedure 
of building up the deformation equations by combining or S3rn- 
thesizing deflections due to the various forces involved. The ex¬ 
pression “synthesized deflections” might be logically preferable, 
but it is too much of a tongue twister. When the necessary deflec- 

» Timoshenko, S., ‘ ‘ The Theory of Elastic Stability,' ’ pp. 23-31, MeGlraw- 
Hill Book Co., New York, 1936. 

10 Niles, A. 8., and Newell, J. B., op. oit,, Vol. II, pp. 6-li; Pareel, J. I., 
and Maney, G. A., op. oit., pp. 00-115; Spoflord, C, M., op. (Ht., pp. 417-422; 
Sutherland, H., and Bowman, H. L., op. oit., pp. 223-231. 
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tions are obtained by the Dummy Unit Load Method it is sometimes 
referred to as an “energry method”, but that is a misnomer, since 
the essential element of the procedure is the system of developing 
deformation equations, and that is independent of the procedure 
employed to compute the deflections used. This is true even 
though the special formulas used for specific classes of problems are 
those resulting from the use of the Dummy Unit Load Method, Dr. 
Timoshenko has suggested the method be termed simply the Max- 
well-Mohr Method without further qualification. 

An alternative to the Maxwell-Mohr method for computing 
stresses is the Method of Least Work.” As shown by its deriva¬ 
tion in “Airplane Structures”, this can be considered as a system 
of using the Maxwell-Mohr method with the necessary deflections 
determined by Castigliano’s Theorem, and the calculations so ar¬ 
ranged that the individual deflections needed are not consciously 
computed. On the other hand it may properly be regarded as a 
direct application of the Principle of Least Work, and therefore 
rightly termed an Energy Method. On the whole it seems better 
to call this the Method of Least Work, thus specifying the partic¬ 
ular principle most obviously employed, than to use the more 
general and thus more ambiguous term of Strain Energy Method. 

Determination op Type op Stability 

When it is desired to determine from energy considerations 
whether a condition of equilibrium is stable or unstable, or the 
critical load with respect to elastic instability, resort is usually had 
to a method first used by Perry and Bryan, but extended to a 
much wider range of problems and effectively introduced to engi¬ 
neering practice by Dr. Timoshenko. This method, which is fully 
developed in his “Theory of Elastic Stability” is based upon the 
principle, first enunciated by Maupertuis, that for a system to be 
in stable equilibrium, its potential energy must be a minimum with 
respect to any geometrically possible change in configuration. This 
“principle of ‘least energy’ ” must be carefully distinguished from 
Castigliano’s much more limited “principle of least work.” It 
is carefully described in Art, 14 of the “Theory of Elastic Stabil¬ 
ity,” and numerous applications are made of it in the remainder 
of that text. The application of the principle to an ideal column 
is also outlined in “Airplane Structures.” Although the method 
has been used in some isolated problems by other writers, Dr. 

Niles, A. 8., and Newell, J. S., op. ett., Vol. n, pp. 20-29; Parcel, J. 1., 
and Maney, G. A.j op. dt., pp. 121-125; Spofford, O. M,, op. di., pp. 422-437; 
Sutherland and Bowman, op. eit., pp. 184-186, 217-223; Timoshenko, 8., 
**Strength of Materials,'* Vol. I, pp. 327-336. 

12 Niles, A. -8., and Newell, J. S., op. oil., Vol. I, pp. 274-287. 
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Timoshenko has done so much to develop its use and make it a 
part of accepted practice that it is most appropriately called Timo¬ 
shenko's Method, or Timoshenko's Method of Computing Critical 
Loads. 

The writer does not expect instant and complete acceptance of 
his suggestions for naming the various “energy methods" of 
analysis. Others will prefer alternative designations for some of 
the methods, and many of their suggestions will have more merit 
than those in this paper. The writer would like to see the Society 
for the Promotion of Engineering Education create a committee 
oil nomenclature to study the problem and promulgate a system of 
designating analysis procedures that might be generally accepted 
by the authors of textbooks. The work of such a committee should 
not be limited to the narrow field of energy methods for solving 
structural problems, but should have a much greater scope. In 
fact it would be desirable to have enough committees named that 
all branches of engineering could be covered. If such action is 
not practicable it is suggested that authors, when they first refer 
to a method of analysis, not only give it as suitable a name as pos¬ 
sible, but also give a reference to the particular book or paper in 
which the exact procedure referred to is described. 

One cannot reasonably hope to eliminate the present confusion 
in nomenclature by a single short paper. This one will have served 
its purpose, however, if it stimulates discussion, and helps to elimi¬ 
nate the all too prevalent practice of calling any computation in 
which considerations of energy are directly, or even indirectly, 
involved “The Energy Method." 



DEPARTMENTAL AND INTER-DEPARTMENTAL 
RESEARCH IN HEAT-POWER ENGINEERING* 

By frank O. ELLENWOOD 

John Edson Sweet Professor of Engineering, Cornell University 

Now that our country is at war with ruthless enemies who have 
lonjr cared little for the individual, it is appropriate that we, as 
individuals, should reappraise our own cooperative efforts in all 
branches of work, regardless of whether it is engineering research 
or not. This statement has special significance for us when we ob¬ 
serve some individuals who lack the proper public spirit as exempli¬ 
fied by their willful attempts to continue to live just as though we 
were not engaged in the world’s greatest war. When we try to 
determine the cause of these defects in some of our citizens in war 
time, we find the tendency is to blame the educational program of 
our secondary schools and colleges. In this connection it may bo 
said, in general, that when the shortcomings of our citizens are held 
up before us, the educational program is blamed whether justly or 
not. On the other hand, most of our secondary schools and colleges 
have probably been somewhat at fault in emphasizing the im¬ 
portance of the individual and in failing to stress the privileges and 
duties of each member of a democratic society. 

In our universities, one might naturally expect to find the closest 
cooperation between different departments in all branches of re¬ 
search that involve common points of interest. Upon investigation, 
unfortunately, one sometimes finds that major differences of opin¬ 
ion, jealousies, and personal dislikes may interfere with real inter¬ 
departmental research. The same human characteristics often 
show up, even to a greater degree, in many large commercial or¬ 
ganizations. When these situations arise, they are embarrasing 
to all concerned, to say the least; and those in charge of the de¬ 
partments are often not aware of the lack of cooperation until some 
unusually bad delay in the work brings it to their attention. Any 
one engaged in research in heat-power engineering is likely to be 
brought into contact with many other departments, such as mechan¬ 
ical laboratory, shops, physics, chemistry, and mathematics. The 
author’s experience with these departments has generally shown 
a sincere desire on their part for full and helpful cooperation. 

* Presented at the Fiftieth Annual Meeting, S. P. E. E. (Research), New 
York City, June 27, 1942. 
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In this connection it seems appropriate to specify a typical example 
that brings out clearly the advantages of whole-hearted cooperation 
between different groups. Recently one of the members (tf our 
heat-power department desired to make an instrument for meas¬ 
uring the angle factors in radiation. lie showed pencil sketches 
of'the device to the Superintendent of shops and asked for sugges¬ 
tions. This Superintendent is exceptionally well trained tech¬ 
nically, and is a man of keen insight regarding new designs; he is 
also always pleased to help those in other departments. It will not, 
therefore, surprise you to learn that in this instance several valu¬ 
able suggestions were offered by the Superintendent to improve the 
design structurally and also to make it easier to construct. These 
suggestions were immediately recognized by the original designer 
as valuable ones; and the device was soon constructed and placed 
in successful use. This pleasant picture is just the opposite of 
that sometimes seen when two or more departments are involved 
in almost endless controversies over delays and certain details of a 
new project. 

At the present time, heat-power engineers throughout this coun¬ 
try are effectively struggling with a production program that is 
astounding, and that properly takes precedence over research. This 
statement applies to internal-combustion engines for airplanes, 
tanks, trucks, tractors, submarines, locomotives, and small ships; 
to steam-generating equipment, turbines, and engines for naval 
vessels and freighters; also to steam locomotives and to large steam- 
electric central stations. As an example of the magnitude of the 
problem, consider the central-station industry, concerning which 
the general public usually hears but little. It has recently been 
announced by the War Production Board that the electrical energy 
to be expended annually for our war effort alone will soon reach 
140 billion kwhr. This tremendous amount of energy can be vis¬ 
ualized, to some extent possibly, by noting that it lacks less than 
4 per cent of equaling the total output of all our central stations 
for every purpose during the year 1940. Under these circum¬ 
stances, naturally, the subject of research in this field becomes of 
secondary importance to that of immediate production. To help 
the central stations meet their abnormal demands the War Pro¬ 
duction Board has ordered all utilities to operate their systems in 
such a way that the maximum output may be obtained from their 
present capacity, and to establish interconnection with other sys¬ 
tems to enable exchange of energy from all sources. This drastic 
order applies to small private power plants (of 100 kw or more) 
as well as to the large central stations. The companies that are 
furnishing electrical energy to a community througff a vast net^ 
work of interconnections between large and small power plants. 
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face the difficulty of carrying the load, and at the same time estab¬ 
lishing fair rates for the exchange of electrical energy between the 
plants concerned. This problem has often been a real stumbling 
block in the way of interconnections between large and small sys¬ 
tems ; and it is now before us in even a more complicated form as 
one of the realities of war. For its solution, we need the hearty 
cooperation of many concerns with the director of industry opera¬ 
tions. Possibly numerous members of our society who are well 
trained in heat-power engineering and who have the proper co¬ 
operative spirit will be called upon to assist in this work. 

Our large steam plants .are constantly making progress in the 
successful use of steam of higher pressures and temperatures. This 
statement applies to our naval and marine installations as well os 
to those on land. In all of these plants, as the maximum demand 
for steam becomes more nearly continuous due to the war, the 
greater become the chances of outages due to imperfect feedwater. 
The troubles from this source are intensified if the boiler circulation 
is not ample; and many engine|irs now believe that the forced-cir¬ 
culation type of boiler is, at least, part of the solution of the 
problem. It seems logical, therefore, to expect that all of us will 
study carefully and with intense interest the performance of the 
forced-circulation unit recently installed at the Somerset Station 
of the Montaup Electric Company. 

Careful consideration of the general problem of maintaining 
comfortable conditions in our homes and public buildings will show 
that we need further cooperative research between physiologists, 
architects, and engineers. From the standpoint of comfort, some 
of our heating systems are but one step removed from an open fire 
in the corner of an enclosure. The entire problem should be in¬ 
vestigated from the viewpoint of providing comfort and, at the same 
time, conserving our national resources. Further information is 
needed regarding the heat-transfer characteristics of materials and 
types of construction that may eventually be found superior to those 
in common use today. This statement is particularly true when the 
effects of unsteady heat flow are considered. 

For the internal-combustion engine, the war makes it essential 
to appropriate staggering sums of money for production and re¬ 
search. Our airplane engines must be constantly improved to keep 
ahead of those of the enemy. Most of this work will be done by 
the research departments'of the army, navy, and the engine manu- 
faotnrers, because the equipment involved is too elaborate and ex¬ 
pensive for our universities. There are, however, certain funda¬ 
mental truths yet to be discovered in many branches of this work, 
and the universities can help in sueh research projects. For ex¬ 
ample, the supercharger is a vital part of the engine used in mili- 
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tary air craft today, but in onr present study of this device, we 
need to develop instruments and technicpie for the measurement of 
pressure, temperature, and velocity of fluids at supersonic'veloci¬ 
ties. Further research is needed on the fuel-induction system, 
bearings, lubrication, cooling systems, spark plugs, pistons, rings, 
valves, and cylinders. While our present record for continuous 
operation of airplane engines is extremely gratifying, no one will 
say that he is entirely satisfied, and that further improvements can 
not be confidently expected. For the compression-ignition engine, 
we need lighter engines that will still be reliable for long periods of 
continuous operation. The fuel-injection system, combustion cham-- 
bers, cooling systems, lubrication systems, and various engine parts 
afford opportunity for further development. 

Fuels that are suitable for various types of internal combustion 
engines are vital necessities of modern war. These fuels are also 
necessary for use in times of peace if we are to continue to live in 
our accustomed manner. Although we now lead the world in the 
(juality and quantity of high grade petroleum fuels, it is gratifying 
to note that there has just been created by the joint action of the 
American Petroleum Tnstitute and the Society of Automotive 
Engineers a new organization designated as The Cooperative Re¬ 
search Council whose purpose is “to centralize, correlate, and pro¬ 
mote cooperative researeli activities of the automotive, aeronautic, 
and petroleum industries. ’ ’ This new organization should be able 
to do a vast amount of work that is valuable not only to their 
sponsors, but to all of us who are interested in this important field. 
The mere fact of its organization shows the proper spirit of its 
sponsors in trying to secure a greater degree of cooperation among 
this large group of research workers. 

In the refrigeration field, the war has given the required impetus 
to develop some ireoii-12 centrifugal compressors that are really 
large—about 500 tons each. Although evaporators and condensers 
have been greatly improved during recent years, this work needs to 
be continued. For the vacuum system of refrigeration, the ejector 
is the heart that still baffles us when we try to analyze its losses. 
The refrigeration of footls, both in time of war and peace, affords 
a good opportunity for cooperative research by many individuals 
in widely separated fields. Here the engineer needs technical ad¬ 
vice on what new foods are likely to be used, how they should be 
transported, and how they should be stored to retain their best 
nutritive values. 

In many of our universities, our research programs have been al¬ 
ready greatly curtailed as a result of the war; and it would require 
a superman to predict with confidence just what these ^Irogramsmay 
become after the war. It is certain, however, that research will 
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continue in industry and in our universities even though the funds 
available for the work may be appreciably less than in former years. 
The reduction in funds available for research, or even their elimi¬ 
nation, need not be considered as a death blow to research in heat- 
power engineering or many other departments; because we trust 
that we shall still have our libraries, sliderules, paper, an pencils 
(but without rubbers possibly!). With this equipment and some 
really keen young minds eager to tackle difficult problems, a large 
amount of important work can be done without building any new 
apparatus or taking any additional readings. In other words, 
,we have already available for us important observations that will 
require hard study to derive the general relations that we need. 
This part of the work is often far more difficult than the experi¬ 
mental portion. As one specific illustration of what is involved 
in the preceding statements, let me cite the effect of solar radiation 
and air-temperature differences upon the cooling load of air-con¬ 
ditioned buildings. This subject needs much additional analytical 
work done upon it before the enormous amount of data available 
in the publications of the Amei^can Society of Heating and Venti¬ 
lating Engineers can be used most effectively. 

As another example, most of you may recall that at the annual 
meeting of the American Society of Mechanical Engineers last De¬ 
cember there was presented an excellent paper on “Studies of Heat 
Transmission Through Boiler Tubing at Pressures From 500 to 
3300 psi” by six men from the Consolidated Edison Company. 
This paper contains numerous important features, among which 
may be found many pages of valuable data on heat transmission 
and also on the drop of pressure in high-pressure boiler tubes. 
Here is a case in which the magnitude and cost of the equipment 
involved were so great that tlie observed data could not be dupli¬ 
cated in any university laboratory now in existence or likely to be 
built in the future. The data are available, however, for many 
years of fruitful analytical research in our universities by men 
who have sufficient ability, framing, and determination to dig 
further into nature’s secrets in order that we may have available 
more general relations than are now known. Therefore, it seems 
appropriate to suggest that our university research programs should 
emphasize the importance of analytical work as well as laboratory 
observations. 

In conclusion, the main points presented here may be summar¬ 
ized by saying that cooperative efforts of all individuals are es¬ 
sential in war time and advantageous at all times; that our edu¬ 
cational program should always attempt to strengthen the 
cooperative spirit of our youth; that all research workers both in 
industry and in our universities should cooperate fully with others 
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whether in the same department or not; that, even though research 
funds are almost nil, much important analytical work can be done 
with observed data already available; that research work in the 
various fields of heat-power engineering is vital to our war efforts; 
and that most of these fields of activity, such as those pertaining 
to the internal combustion engine, the steam power plant, the air 
conditioning of our homes, the transportation of our freight, the 
efficient use of fuels, and the refrigeration of our foods are properly 
and generally considered essential to our normal American way 
of life. 



BETTER TRAINING FOR COMMUNICATION 
ENGINEERING * 

By 8. G. LUTZ 

Naval Besearch Laboratory, Washington, D. C. 

Introduction 

Training for Electrical Communication Engineering has shown 
vast improvement during the past year. Prior to the war, many 
schools showed interest in improving their communication work but 
progress in this direction too often has been hampered by the belief 
that communication training is too specialized for undergraduate 
curricula. It is the viewpoint of this paper that much of our 
undergraduate electrical training actually has not been sufBciently 
general to meet the needs of merf'entering the communication field. 
It is believed that there has been so much power specialization in 
required courses that the needs of communication men often have 
been neglected. 

This subject is so highly controversial that it must be under¬ 
stood that the opinions and conclusions to be expressed are purely 
personal and do not necessarily reflect the views of my employers, 
past or present. 

Sources op Information 

As engineers, we are expected to discount personal opinions in 
favor of facts which have been established from experimental data. 
Consequently, let us commence by examining the types and sources 
of data used in the preparation of this paper. First, it seemed im¬ 
portant to determine, with some accuracy, the relative percentages 
of our graduates who followed power work, communications, or who 
failed to follow electrical engineering. This information seemed 
essential to establish the relative importance of the communication 
field and the attention we are justified in devoting to it. Next, it 
seemed desirable to analyze the curricula of a representative num¬ 
ber of schools to determine the relative emphasis now being placed 
upon the various phases of electrical training. Further data were 
assembled from an analysis of the more widely used “circuits” 
textbooks to determine the relative emphasis being placed upon 
power and eommunication applications. Finally, expressions of 

* Presented at the SOth annual meeting, 8. P. E. E. (E.E.), New York City, 
June 27-20, 1042. 
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opinion were obtained from a large number of teachers, engineers, 
and employers. It must be confessed that many of the author’s 
personal opinions have been modified drastically by the inforftiation 
obtained from this survey. 

OBJECTiviis OF Communication Training 

Before discussing tlie data which have been assembled it seems 
advisable to propose some definitions and objectives to clarify the 
aims of this paper. This paper is concerned solely with the tech¬ 
nical aspects of communication training. The importance of the 
cultural and economic aspects of engineering education seems gen¬ 
erally recognized. 

The term “electrical communication” will be used in its broad 
sense to include all branches of the electrical art*which are con¬ 
cerned primarily with conveying information of any kind. All 
such branches have one important common denominator; they all 
involve the use of non-recurrent waves. Since any non-recurrent 
change in a Avave, as is necessary for communication, must.set up 
a continuous band of frequencies, finite handwidth is a prime re¬ 
quirement of all communication eircuits. 

This concept of bandwidth forms perhaps the most important 
distinction between the communication and power viewpoints of 
electrical engineering. The communication engineer Usually con¬ 
siders frequency as his principal independent variable and studies 
circuit behavior over a broad band of frequencies. The power 
engineer generally assumes the frequency to be fixed and is more 
interested in the effects of varying the magnitude and power factor 
of this load. More obvious differences, such as the magnitudes of 
the quantities involved and the types of equipment used, seem of 
less fundamental importance. 

In order to decide how the educational needs of a communica¬ 
tion engineer maj' differ from those of a power engineer, let us 
first make some generalizations on the technical needs of all engi¬ 
neers. It is universally agreed that we cannot hope to teach a 
student every thing he may need to know, even in one specialized 
field of engineering. If a man is to achieve real technical success 
he must continue his education throughout his career; mastering 
new fields of knowledge and assimilating fresh information as the 
need for it arises and as it becomes available. Most of this new 
knowledge must be gained from the technical literature, rather than 
from texts. (It is no longer new by the time it gets in texts!) The 
engineer who attempts original work on a fresh problem without 
first searching the literature to find what informatiwi others have 
contributed to that problem inevitably wastes time and money 
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through duplication of effort. Any engineer faces a serious handi¬ 
cap if there is a.large gap between the level of his training and the 
level of the technical literature he must read. Therefore, it seems 
that one of our greatest responsibilities is to give the student that 
knowledge which technical authors have the right to assume he is 
familiar with. 

Of course the mere ability to digest technical literature is not 
sufficient in itself, for a good engineer must possess the technique, 
imagination, and judgment necessary to put this newly acquired 
informatiou to work. The initial development of these qualities 
also is our responsibility. This reasoning may be summarized by 
saying that, “A well trained engineer is one who can read his tech¬ 
nical literature intelligently and apply the inforiuation thus ob¬ 
tained.” 

It is believed that there has been a larger gap between the level 
of our undergraduate training and the level of the technical litera¬ 
ture in the communication field than in the power field, and that this 
condition results largely from aijj, inadequate balance in supposedly 
‘ ‘ general ’ ’ courses. 

Distribution of Employment 

The requests for data on emiiloyment and curricula were mailed 
in the late summer of 1940, before the defense program had greatly 
stimulated the demand for communication men. Twenty-five 
schools with an average annual total of 666 graduates submitted 
information on relative employment for the five preceding years. 
Most replies probably were estimates but their average should be 
reasonably accurate. The averages were calculated from the num¬ 
ber of graduates in each classification, rather than merely by aver¬ 
aging the percentages reported by both large and small schools. 
These averages showed 59.8 per cent employed in the power field, 
25.0 per cent in the communication field, and 15.2 per cent in non¬ 
electrical fields or unemployed. In other words, about one out of 
four of our graduates entered communication work between 1935 
and 1940, and there were only 2.4 power men for each communica¬ 
tion man. 

It is certain that a far larger percentage would apply today, 
when the majority of our graduates are being grabbed for com¬ 
munication work with the armed services, war industries, or the 
government. It also is certain that far less than 25 per cent found 
communication employment twenty or so years ago when the tele¬ 
phone industry was tlie principal employer of communication men. 
With post-war commercial exploitation of many now secret devel¬ 
opments, it is reasonable to expect the communication industries to 



716 BETTER TRAINING FOR COMMUNICATION ENGINEERING 


continue absorbing an important percentage of our future gradu¬ 
ates, and their educational needs will merit more careful considera¬ 
tion than they have received in the past. 

Classification of Curricui^a 

Initially, it seemed that it should be easy to compile an average 
curriculum purely from catalog information. While there are 
strong similarities between most curricula, it soon was evident that 
course titles and descriptions often were too ambiguous for accu¬ 
rate classification. For example, a course might be entitled “Elec¬ 
trical Problems” and described as “problems in electrical engi¬ 
neering. ’ * Only one having personal knowledge of the school could 
tell that this actually meant A.C. Machinery Laboratory! 

To be fair to everyone, it appeared advisable to invite the indi¬ 
vidual schools to classify their curricula according to course con¬ 
tent, rather than course titles. The classifications used are ex¬ 
plained in appendix A, which is a copy of the instruction sheet 
accompanying the questionnaire submitted to the schools. The 
analyses have been based on only the work of the junior and senior 
years, plus elementary electrical courses given in the sophomore 
year. 

Since this study was intended to show the distribution of courses 
available to a student who knew he wished to prepare for communi¬ 
cation work, it was assumed that he would take all possible com¬ 
munication courses among his electives and take general theoretical 
courses, such as advanced physics or mathematics, for the balance 
of his electives unless this choice were specifically restricted in the 
catalog. This decision now appears to have been unfortunate be¬ 
cause few students ever can schedule all such courses listed. Some 
such courses may be barred by conflicts, may be given on alternate 
years, or may be withdrawn if elected by less than a certain mini¬ 
mum numbers of students. 

It probably would l^ave been more useful to have based the 
analysis only on required courses; listing the time allotted to elec¬ 
tives, and the available communication electives, as separate classi¬ 
fications. From a brief study of catalogs it appears that, while 
most schools offer communications, slightly less than half have 
required courses for aU students and these courses average about 
four semester hours. Smaller schools with required communications 
courses seldom offer communication electives, while larger schools 
with extensive communication options seldom have required com¬ 
munications courses for all students. 

Bequests for classification of curricula were sedt to half, the 
schools accredited by E.C.P.D. in 1940. Twenty-nine schools sub- 
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mitted replies but only twenty of these had been prepared suflfi- 
eiently in accordance with instructions to be used. In averaginjr, 
the individual classifications were first reduced to a percentage 
basis instead of semester or quarter hours. These figures were 
next weighted proportionally to the average number of graduates, 
averaged, and reduced to equivalent semester hours on the basis of 
a total of 75, corresponding to four semesters of eighteen hours 
with three semester hours for elementary E.E. in the soi)homore 
year. This yielded the following result: 


TABLK 1 

ClaHsificatioii Soiii, Huura 

1. Cultural. .J.2 

2. General Theoretical.7.6 

3. Applied Non-E.E.11.6 

4. Business. 4.9 

5. Misc. iVon-Electrical.0.3 

6. Electric Circuits. 7.9 

7. Elec, and Mag. Fields. .. ... 3.4 

8. Electrical Machinery...'• ... . 14.6 

9. Elec. Measurements. 3.1 

10. Electronics. 3.7 

11. Communications. 10.2 

12. Miscellaneous Electrical. 2.5 


It must be acknowledged that this .system of classification is far 
from perfect and is based on data from too few schools. No two 
men might classify the same curriculum alike. However, it is be¬ 
lieved that the above averages are sufficiently accurate for the 
purposes of this paper. 

Comments on Non-E.E. Classipioations 

It must be remembered that the above analysis is based upon 
the two final years while most of the English, history, mathematics, 
physics, and other courses of the first two classifications are given 
in the first two years. The general theoretical classification would 
be slightly lower if some electives had not been assigned to it for 
lack of sufiieient communication courses. 

There naturally was some disagreement as to whether certain 
courses were principally general theoretical or applied non-B.B. 
but the distinction probably is not too important here. The major 
criticism of the applied courses is that few of them are nearly as 
useful to communication men as to the other engineers. Some 
schools place excessive emphasis on such courses as “Engines and 
Boilers” and “Fuels aud Feedwaters” which are of importance to 
a small number of power men in steam generating stations but 
which merely exert a broadening influence on communication stu- 
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dents. Such courses inijrlit well be iiiaile electives for which com¬ 
munication students could substitute more physics, foreign lan¬ 
guage, or other less specialized courses. 

Electric Circuits 

This classification includes the “D.C. Circuits” part of the ele¬ 
mentary course, A.C. Circuits, Transmission Lines, and Transients, 
when required. The fact that the last two usually are electives 
partially explains the low total of 7.9 semester hours. Circuit 
theory is so important to the communication engineer that the above 
four courses will be discussed separately. 

D.C. Circuits or Elementary E.E. 

♦ 

The functions of this course seem to be (1) to provide a suitable 
transition between the treatment of electricity and magnetism of 
the Physics course and that needed for subsequent Electrical 
courses, (2) to show elementary applications of these fundamentals 
principles to all branches of electrical engineering so the student 
may appreciate the usefulness of otherwise abstract theory, and 
(3) to furnish sufficient practical knowledge of electric circuits to 
enable the student to start work in the laboratory. In addition, 
this course usually is relied upon for the major part of our electric 
and magnetic field theory. Most texts furnish an adequate intro¬ 
duction to fields but cannot be expected to carry this subject far 
enough to meet present communication needs. More will be said 
about this later. 

The chief objection to most elementary courses seems to be their 
over-emphasis of power applications and their failure to show that 
fundamentals have equally important communication applications. 
Some instructors do overcome this objection by injecting personal 
material but, on the average, most of us follow standard texts 
rather closely. Therefore, it seems that the most accurate picture 
of this situation may be obtained from an analysis of the most 
widely used texts. 

If this overemphasis of power does exist, it should be more 
apparent from an analysis of the problems than of the topic head¬ 
ings. Problems lend themselves moat readily to statistical analy¬ 
sis. Furthermore, authors are apt to draw upon their own pro¬ 
fessional experience for problem material. Examples of this are 
familiar to all of us. 

The following system has been used in analyzing 1h:e problems 
in the most popular texts. Problems referring to^ower equip¬ 
ment, such as motor armatures, circuit breakers, etc., or to stand¬ 
ard power voltages or frequencies, have been placed in one group- 
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Problems referring to communication equipment or technique, such 
as telephone relays, audio amplifiers, Varley loop measurements, 
etc., have been grouped separately. All other problems have been 
classified as general, even though the magnitudes of the quantities 
involved show that they could not possibly illustrate communica¬ 
tion practices. In all doubtful cases problems have been classified 
as communication instead of general and general instead of power, 
to give the text the benefit of the doubt and reduce the possibility 
of personal bias. “Machinery” chapters of “Circuits and 
Machines” texts have been omitted on the assumption that this 
material would be covered in a separate course, though this is not 
always done. The results of this classification follow: 


TABLE 2 


Text No. 

Per Cent Genera] 

Per Cent Power 

Per Cent Coniin. 

Pwr./Comm. Ratio 

1. . 

66.4 

31.8^- 

1.8 

17.6 

2. 

74.3 

2.5.3 

0.45 

56.2 

3. 

69.1 

30.2 

0.67 

45.3 

4. 

64.r> 

29.0 

6.5 

4.47 

4.(-l Chap.) 

64.6 

31.2 

4.2 

7.39 

Average 

68.6 

29.6 

1.78 

16.6 


Since the power to communication employment ratio is only 
2.4, it seems that the power to communication problem ratio should 
approach this same figure if we really wish to keep our training 
general. However the above ratios seem to indicate that most 
authors have scant interest in communication. One text yielded 
only a single communication problem, asking for the voltage in¬ 
duced in a plane’s trailing antenna cutting the earth’s magnetic 
field! Only text No. 4 approaches the employment ratio and a 
large portion of its communication problems are contained in a 
single chapter which often is omitted because its material is cov¬ 
ered in a subsequent course. Omission of this chapter raises the 
ratio to 7.39, 

It may seem that undue importance is being attached to this 
neglect of communication problems. It is true that a text may be 
pwfectly general and adequate for all students without including 
any communication problems, or power problems either, but this 
is very unlikely. The importance of the problem ratio arises 
largely from the fact that students spend a major portion of their 
preparation time working assigned problems and are apt to read 
the text only to the extent'necessary to be able to work these 
problems. 















720 BETTER TRA[NINO FOR COMMUNICATION ENGINEERING 

It is logical that a large percentage of the problems in an ele¬ 
mentary text should be “general,” rather than of an “applied” 
nature, because of the fundaniental nature of the course and the 
students’ lack of engineering background. However, students seem 
most interested in those problems which show that apparently ab¬ 
stract theory ultimately may have a cash value. T^se of such “ap¬ 
plied” problems is one of the best ways of making a course appear 
“practical” to the students without sacrificing its true fundamental 
character. These “applied” problems can be, and frequently are, 
used to introdiure material beyond the normal scope of the text and 
of considerable subsequent value. Students often form their first 
definite impre.ssion of the field covered by electrical engineering 
from these “applied” problems in their introductory course. Cer¬ 
tainly we .should try to make this first impression an accurate one. 

y 

A.C. Circuits 

A similar analysis of the problems in modern A.C. Circuits texts 
is as follows: 


TABLE 3 


Text No. 

Per Cent General 

Per Cent Power 

Per Cent Comm. 

1 

Pwr./Conini. Ratio 

K 

36.0 

61.8 

2.1 

29.4 

6. 

38.4 

56.1 

5.5 

10.2 

7. 

22.9 

76.0 

1.1 

69.0 

8. 

25..5 

71.8 

2.7 

26.0 

9. 

38.0 

49.7 

12.3 

4.05 

10. 

.38.1 

48.8 

1.3.1 

3.74 

10. (-1 Chap.) 

42.1 

51.4 

3.8 

14.1 

Average 

33.8 

61.6 

4.6 

13.4 


Among A.C. texts, the power problems outweigh even the gen¬ 
eral problems. Text No. 10 seems to show the best P/C ratio but 
most of its communication jiroblems are contained in a single chap¬ 
ter on a specialized communication topi<!. Many schools omit this 
chapter, raising the ratio from J1.74 to 14.3. This latter figure was 
used in obtaining the averages. Text No. 9 is a general “circuits” 
text with an interesting treatment of alternating currents. Its 
low P/C ration lacks significance because this text is not used by 
more than three schools. Thus, overemphasis of power applica¬ 
tions seems to exist as badly, if not worse, among A.C. texts as 
among the elementary D.C. texts. * 

All even more serious objection to most A.C. texts is their fail¬ 
ure to lay deeper foundations in circuit theory than have been 
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found necessary for power enj^ineeringr. It is not so easy to assign 
percentages to the power and communication concepts discussed in 
a text. We can only suggest a few instances where many texts 
fall short of meeting communication needs. 

Most texts introduce the vector concept of A.C. circuits by 
some modification of the “symbolic” method, without an adequate 
mathematical foundation. Students are apt to lose sight of the 
fact that alternating currents, themselves, are not vectors but scalar 
functions of time. Our vector notation actually is a consequence 
of an old mathematical trick for abbreviating the solution for 
the particular integral of linear differential equations having sine 
or cosine functions for their right hand members. Instead of 
Hmwt or eoawt, we use a right hand member (voltage function) of 
the form, eipial to the sum of a real cosine function and an 

imaginary sine function, and take the real part of the answer as 
corresponding to a cosine voltage and the imaginary part for a sine 
voltage. The student soon recognizes that he need only substitute 
jw for the differential operator^ p, and a mysterious differential 
equation becomes merely E - - IZ. Furthermore, he recognizes that 
it is just as useful to leave this answer in its complex form and 
use the vector symbol, E, as an abbreviation for EmC^^K This 
method furnishes a logical and mathematically rigorous approach to 
our complex impedance concept, sets the stage for the introduction 
of transients, and develops the familiarity with exponential nota¬ 
tion which is desirable for subse{iuent study of tran.smission lines. 

It does not seem necessary to develop technique in transient 
analysis in an elementary A.C. course but it is vitally important 
that communication engineers never forget that a transient is 
caused whenever a voltage is changed non-recurrently. They must 
never lose sight of the fact that a single-frequency steady-state 
analysis of a communication circuit may be very misleading. By 
using the differential equation approach to A.C. circuits it is easy 
to show at the start that there always must be a “complementary 
function” or force-free transient solution accompanying the steady- 
state solution. 

A study of non-sinusoidal waves is important to all electrical 
engineers, though for different reasons. Some texts devote con¬ 
siderable space to point by point methods of Fourier analysis. 
Such methods may be justified for determining the harmonics from 
an oscillogram of the exciting current of a transformer, but it is a 
tedious inefficient method of approximate integration which ob¬ 
scures the significant facts beneath pages of routine calculations. 
In practice, most of this work is done analytically or by means of 
electrical or mechanical analyzers. Anyone familiar with the basic 
principles of Fourier’s analysis can, if the need arises, look up a 
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point by point method in a handbook, or even set up his own 
method, but a working knowledge of such methods is a pooiv sub¬ 
stitute for basic theory when forced to dig through a paper involv¬ 
ing Fourier integrals, or even the use of Fourier’s series. 

Students with any intellectual curiosity are apt to ask, “What 
is the justification for studying only the steady-state behavior of 
networks to single sinusoidal frequencies when all communication 
signals are not only non-sinusoidal but non-recurrent ’ Few 
elementar.y A.C. texts make any attempt to answer this most nat¬ 
ural question, though its answer is of the greatest importance. A 
simple discussion of the Fourier integral concept accompanying the 
treatment of non-sinusoidal waves is sufficient to inject the first 
ideas of bandwidth. Such a discussion is given in Everitt’s “Com¬ 
munication Engineering” but belongs in the early 'chapters of all 
elementary A.C. texts where it cannot be dodged. 

All engineers are concerned with networks which are too com¬ 
plicated for analy.sis en toto and consequently are forced to adopt 
methods permitting a reasonably accurate study of one small part 
of a network independently of its other parts. The power engi¬ 
neer attempts to hold a constant voltage (or constant current) so 
that a change of load at one point will not affect other parts of 
the network. In effect, the terminals for load connection are made 
to approximate zero (or infinite) impedance generators. The com¬ 
munication engineer is more interested in cascade connected net¬ 
works than in the forked networks of power distribution and con¬ 
sequently uses vacuum tubes for isolation or matches impedances 
at each junction to prevent reflection of energy. All texts devote 
attention to “voltage regulation” but scant mention generally is 
made of the corresponding aspects of communication networks. 

All A.C. texts dcA'ote a large amount of space to three-phase 
circuits. Certainly this topic requires much space and is of great 
importance to power engineers. However, communication engi¬ 
neers have little application for three-phase circuits except in the 
high voltage rectifiers for large radio transmitters. All students 
should become familiar with the basic principles of three-phase 
circuits but we should recognize that that “symmetrical com¬ 
ponents” is just as specialized a power topic as many we exclude 
from elementary courses as being specialized communication topics. 
Some of the basic concepts of cascade connected networks surely 
cannot hurt power men. 

Transformers may be introduced in A.C. circuits but generally 
are treated most thoroughly under A.C. machinery. Communica¬ 
tion transformers present primarily a circuit probleiji so it is not 
surprising that they received inadequate treatment in the required 
courses. Lack of understanding of transformer behavior is a ao)3^‘ 
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mon difficulty of yoiiiiu coninuiuicatioii oufriueeps. Ft is triie that 
all transformers depend upon flux linkages between two or more 
windings, but beyond that the practical approach may be much 
different. Power engineers are interested in voltage regulation, 
exciting current, efficiency, and temperature rise, while communi¬ 
cation engineers talk about frequency response, phase shift, selec¬ 
tivity, impedance ratio, etc. Communication transformers really 
[)resent a broader subject than power transformers because their 
designs and applications are so varied. An ordinary radio re¬ 
ceiver may involve an aperiodic antenna transformer, a single tuned 
transformer for selective R.P. coupling, and oscillator transformer, 
several double tuned I.F. transformers possibly having band ex¬ 
pansion windings, a push-pull audio transformer, an output trans¬ 
former, and finally a power transformer for the heaters and high 
voltage rectifier. All of these transformers involve somewhat dif¬ 
ferent concepts and the literature on these transformers requires a 
broader preparation than that acquired from the study of power 
transformers alone. 

Many other examples could be cited to show where A.C. Cir¬ 
cuits courses are inadequate because of overemphasis of its povrer 
aspects. Of course, there are many exceptions to these criticisms, 
and they do not all apply to any one text or school. Some recent 
texts show marked improvement and numerous schools recognize 
these deficiencies and have been making serious efforts to correct 
them. However, it is believed that these still are valid criticisms 
of too many courses. 


Transmission Lines 

It is more difficult to draw conclusions concerning the treatment 
of transmission lines because this subject is covered in such a 
variety of different ways. Most A.C. texts include a chapter or 
two on this subject but many schools omit this and give separate 
courses using different texts. A few rely on a communications 
course for the major treatment of long line theory. Some texts are 
primarily concerned with power transmission and distribution, 
while at least one text has been written from the telephone view¬ 
point. Again, the chief trouble seems to be that too many of these 
texts and courses are not sufficiently general. 

Some texts seem more concerned with developing the ability to 
make transmission line calculations than in promoting a clear grasp 
of transmission phenomena. Our complex hyperbolic functions 
expedite calculations but tend to obscure the basic phenomena of 
reflection, time delay, and attenuation.It Is the alternate addition 
and cancellation of these direct and reflected waves which produces 
the queer distribution of voltage and current along long lines, so 
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it seems tiiat the subject should be developed from this viewpoint 
before introdueiuj? the hyperbolic functions. The transition to 
the hyperbolic notation should then be easy when the student rec¬ 
ognizes that the hyperbolic functions merely consist to two ex¬ 
ponential terms eorres])onding to direct and reflected components 
of the wave. 

Some texts start with equivalent circuit treatmejits of “short” 
and “medium” lines as an introduction to the more exact treat¬ 
ment of “long” lines. It is believed that this is a very inefficient 
process. These approximate treatments are of little value from 
the communication viewpoint and fail as an introduction to long 
lines because they do not bring out the reflection aspects of the 
phenomena. If we need a simplified introduction to lessen the 
shock of introducing hyperbolic functions of complex variables, 
why not start with noji-dissipative lines? While such lines are of 
no practical interest to power engineers, they offer the simplest 
view of reflection phenomena and have many valuable applications 
in IJ.II.F. circuits and antenna systems. When attenuation is 
assumed to be negligible the direct and reflected voltages become 
Ede~^^^ and Ere'^^t^K After developing the more essential con¬ 
cepts with this notation these exponential functions of imaginary 
variables may be combined into simple .sine and cosine functions, 
leading to line eipiations which are excellent prototypes for onr hy¬ 
perbolic e<juation.s. After a thorough study of long lines and their 
equivalent circuits it should be possible to cover the short and 
medium line approximations in a fraction of the time otherwise 
required. 


Field Theory 

The 3.4 hours of electric and magnetic fields may not appear too 
low until we remember that most schools do not require any field 
theory other than the meagre amount contained in Physics and the 
elementary electrical course. The reason for this probably is that, 
as engineers, we have found that We could handle most practical 
problems from the “circuit” viewpoint, without resorting to field 
theory. In the communication field, however, the need for a better 
knowledge of field theory is becoming increasingly important. 

The most obvious application of field theory is found in the 
study of tJie propagation of radio waves. Circuit theory will carry 
the waves up to the transmitting antenna, or from the receiving 
antenna to the loudspeaker, but it is the mechanism by which these 
waves leave the antenna and are propagated through space which 
is the very es.sence of radio communication. Many tefcts do a com¬ 
mendable job of treating propagation phenomena without mention- 
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iiipr Maxwell’s equations but the authors of technical papers are 
not so considerate. 

There are countless other communication applications of field 
theory, notably in electronics and in ultra-hijrh frequency work. 
One of the stronjiest arguments for more extensive training in 
field theory is the need for showing the student that conventional 
circuit theory is merely a specialization of field theory which is 
valid only insofar as certain restrictions are satisfied. These re¬ 
strictions are satisfied so perfectly at power frequencies that they 
never need be considered. However, at ultra-high frequencies 
all exposed parts of a circuit may radiate energy, shield compart¬ 
ments may behave as cavity resonators, and a host of other per¬ 
plexing problems may arise. Most of these phenomena have a logi¬ 
cal explanation in terms of field theory. 

Everyone agrees upon the importance of emphasizing funda¬ 
mentals rather than specialized applications. Coulomb’s and 
Ampere’s laws are perhaps our most fundamental “fundamentals” 
because most of our other so eaKe<l “fundamentals” can be devel¬ 
oped from these two laws by definition and straightforward mathe¬ 
matical reasoning. To be logical in our insistance upon funda¬ 
mentals we should start with these two law's as a basis for our 
development of field theory, w’hich in turn would be the basis for 
the introduction of the circuit concept. Such a secpience is fol¬ 
lowed in many pliysics courses in electricity and magnetism. 

One objection to this procedure in engineering courses is the 
sophomore’s lack of mathematical background. A more valid ob¬ 
jection seems to be the need for introducing the circuit concept 
at the earliest possible date in order to get laboratory work started 
and lay the preparation for subsequent circuits courses. Some 
field theory usually is included in the elementary course but it 
cannot be expected to delve deeply enough into fields and still give 
an adequate introduction to circuits. The only remedy seems to be 
a short but intensive fields course, preferably in the junior year. 
Such a course should make sufficient u.se of vector notation that our 
graduates will not define vector analysis as “the process of analyz¬ 
ing A.C, circuits by means of vector diagrams ’ ’! 

Electrical Machinery 

The most strenuous objection of communication men to present 
electrical curricula is the disproportionate amount of time devoted 
to electrical machinery. All electrical students are required to 
devote an average of 14.6 semester horn's to machinery, though 
communication men have less application for a knowledge of this 
subject than mechanical or civil engineers. In contrast to this, 
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less than four hours of Electronics is required, though electron 
tubes are the “machines” of the communication engineer. ,Com- 
munication men would benefit from a brief survey of electrical 
machinery, similar to that now offered non-electrical students, and 
it seem.s that power men would benefit equally from a similar 
survey of the communication field. 

Some schools still give D.C. machinery as their sophomore in¬ 
troductory course, reasoning that this subject offers the best ap¬ 
plications of D.C. circuits and magnetic fields, and is essential 
preparation for junior courses in A.C. machinery. D.C. machines 
do offer useful examples of magnetic circuits, but telegraph sound¬ 
ers, djmamic speaker fields, telephone relays, and filter chokes also 
offer good magnetic circuit applications in the communication 
field. Certainly we must admit that armature wintiings, windage 
losses, commutation problems, and standard performance tests 
are as highly specialized aspects of the power field as many com¬ 
munication topics now confined to technical electives or graduate 
courses. If electrical machinery is a truly general subject, of 
equal importance to all students, it seems that it should cover com¬ 
munication “machinery” as well as power machinery. If dynamic 
microphones, communication transformers, and machine switching 
systems are not fit topics for such a course its title should be changed 
to “Power Machinery” and it should no longer be considered as a 
truly general subject. 

If most of the present machinery courses were made technical 
electives, sufficient time could be cleared to remedy present defi¬ 
ciencies in field theory, A.C. circuits, and electronics. Communi¬ 
cation .engineers need some knowledge of power machinery, but 
hardly fifteen semester hours of it! It is suggested that the re¬ 
quired portion of the machinery courses be cut to four or five hours. 

Electrical Measurements 

The 3.1 semester hours devoted to electrical measurements seems 
nearly adequate and many schools are offering well balanced 
courses. Communication men need extensive work on impedance 
measurements at high frequencies with typical impedance bridge 
circuits, Q-meter, slotted line, twin-T null methods, etc. They 
need to acquire technique with the standard signal generator, 
cathode ray oscilloscope, harmonic analyzer, transmission measur¬ 
ing equipment, field strength meter, and similar communication 
instruments. Much of this work can be included in the communi¬ 
cation course but there are many interesting communication meas¬ 
urements which can well be used to balance out a iheasurements 
course. ' 
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Electronics 

Electronics still seems to eoiisitutc one of the weak links in most 
curricula. It is the younprest of our required electrical courses, 
though electron tubes have been an indispensable tool to the com¬ 
munication engineer for the past thirty years. It is significant 
that electronics did not find extensive application in the power 
field, except in mercury arc rectifiers, until within the past fifteen 
years and few schools have had required courses in Electronics for 
more than that length of time. Many schools feel it necessary to 
emphasize the industrial applications of electronics, as if it other¬ 
wise would be a communication course. 

There inevitably is a close bond between electronics and com¬ 
munication. At many schools both courses are taught by the same 
man. Correspondence has indicated that some schools regard 
electronics as a communication course and rely upon it to inject 
power students with some of the communication viewpoint. Al¬ 
ready, electronics probably is the most overburdened course in our 
curricula without placing this a'dditional demand on it. 

Much of the trouble students experience with Electronics may 
be attributed to the way we must crowd a host of new and seemingly 
unrelated concepts into a single three or four semester hour course. 
Practically all other electrical courses are based upon a very few 
fundamental principles which are developed in a suflSciently leis¬ 
urely manner for the student to correlate them. In Electronics, 
we may start with an orgy of modern physics associated with elec¬ 
tron emission and space charge flow, introduce a host of new 
symbols for our discussion of the characteristics of diodes, tri- 
odes, tetrodes, pentodes, heptodes, etc., rush through an inadequate 
treatment of the application of these tubes in amplifiers, oscilla¬ 
tors, modulators, detectors, measuring circuits, etc., jump to pho¬ 
tocells with new concepts of electron emission, then to cathode ray 
tubes and a smattering of electron optics, give passing mention to 
micro-ray electronics, and end by spending most of the time on 
the industrial applications of hot and cold cathode gas tubes! As a 
result, much of the time allotted to Communications must be de¬ 
voted to patching up material which supposedly should be covered 
in Electronics. 

Another factor which must be considered is that many of our 
concepts of electronics arfs changing and expanding very rapidly, 
just as they did during the last war, and many topics which we 
now pass over lightly soon will assume unusual importance. Many 
of our graduates now entering wartime communication work are 
coming in contact with electronic equipment which involve prin¬ 
ciples they have never heard of. This condition may continue after 
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the war unless we are prepareil to re-orjranize our treatment of 
Electronics. 

In view of these deficiencies, eight semester hours seems the 
minimum time which communication men should he required to de¬ 
vote to Electronics if they arc to obtain a sufficient knowledge of 
this subject to begin to follow its progress in the literature. This 
time might consist of two semesters of four hours each in the junior 
year; the first semester being a general “three plus three” course 
for all students, with the usual emphasis on industrial applications, 
and the second semester being a “two plus six” with more exten¬ 
sive laboratory practice in communication electronics includijig 
II.TI.F. and television applications. 

Communication Courses 

It might seem that the ten semester hours of comnnmications 
shown in the curricula classification should be entirely adequate. 
Doubtless it would be if this time could be devoted eutireb’^ to 
communications without having to spend so much of it on elemen¬ 
tary circuit theory, field theory, and electronics. Furthermore, it 
has been shown earlier that most students are not able to schedule 
this many hours because this was a maximum possible figure. 

If ten semester hours are available, with an adeijuate elemen¬ 
tary preparation, one or two semester hours might be devoted to a 
required course surveying the entire communication field; its basic 
problems, viewpoints, and opportunities. Such a course should 
lie helpful to power men and might even serve to discourage a 
few less ambitious communication men! Better still, this material 
might be injected gradually through a number of elementary 
courses, along with our early picture of the pow’er field, to avoid 
too early an appearance of a sharp distinction between these fields. 

Unless necessitated by small enrollment, it does not seem ad¬ 
visable to place all communication courses on a rerjuired basis. 
Men seriously interested in communication usually constitute a 
minority and their progress may be hampered when the majority 
of a class have their major interests elsewhere. 

The communication field is so surpsisingly broad that communi¬ 
cation electives need not be as highly specialized and occupation¬ 
ally restricted as is often imagined. The field does tend to divide 
itself into two major classifications, wire communication and radio 
communication, but the distinction is not too sharp. Wire com¬ 
munication includes telephony, telegraphy, submarine cable work, 
wire picture transmission, sound engineering', geophysical survey* 
ing, etc., while the radio field includes radio telegrstphy, broad¬ 
casting, television, frequency modulation, direction finding, etc. 
Most rsdio applications involve wire technique in terminal equip* 



BETTER TRAINING FOR COMMITNICATION ENGINEERING 729 

meiit, while some wire systems involve radio ])rinciples. Broad¬ 
cast studios are connected to their transmitters by wire lines, with 
amplifiers, equalizers, attenuators, etc. Carrier telegraphy and 
telephony involve radio techniques, while some radio circuits 
operate on lower frequencies than some used for carrier telephony. 

Since there is such an overlap between wire and radio communi¬ 
cation, it does not seem advisable to draw a sharp distinction be¬ 
tween them in our communication electives, by permitting a stu¬ 
dent to specialize in radio to the exclusion of wire communication 
or vice versa. The student should understand the reasons for this 
before time for the electives. 

There is little need to comment on what a communication elec¬ 
tive should include. Given eight or ten semester hours and stu¬ 
dents with adecpiate preparation, any good communication teacher 
can organize a course capable of producing superior results. Good 
texts are available and better ones will doubtless appear when it 
becomes practical to use them. Regardless of texts, liberal use 
should be made of a.ssignments from current technical literature 
since such literature will be the text most used subsequent to 
graduation. 


Miscellaneous Electrical Courses 

Little need be said about most of tlie.se as they represent a 
small portion of the total time and constitute required courses in 
illumination, and similar sjiecialized subjects not fitting the previ¬ 
ous classifications, and also seminar and the undergraduate thesis. 
Pew schools still reipiire theses because of administrative, space, 
and equipment requirements and it is questionable whether all 
students benefit from thesis work. However, a properly guided 
thesis still seems the best means of discovering and developing re¬ 
search ability in undergraduates. 

Results of Correspondence 

The additional information obtained from correspondence and 
discussion with educators and engineers is less susceptible to sta¬ 
tistical analysis than the foregoing data on curricula, etc. The 
use of questionnaires was considered but discarded because too 
many land in waste baskets. Furthermore, it seemed more desir¬ 
able to obtain spontaneous reactions and statements of policy which 
might not otherwise liave been uncovered by specific? questions. 
Personal letters were sent to the department heads or deans of those 
accredited schools which had not been asked for curricula classi¬ 
fications. These letters called attention to the tendency in former 
years to overstress the power aspects of electrical engineering and 
asked what was now being done to secure a better balance between 
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power aiul ('onnuunication traiiiiiipr. Tlie response to tliese letters 
was better than to the rc<inests for classifications of curricula. 

As anticipated, the replies expres.sed many interesting and 
widely different vie\ppoints, but there also were marked similari¬ 
ties which permitted grouping: of most replies. Almost all agreed 
that undergraduate training should emphasize the basic aspects of 
electrical engineering and avoid excessive specialization. A large 
number of schools recognized the tendency toward overemphasis 
of power and are attempting to correct this situation in different 
ways, while some schools seem satisfied with their electrical cur¬ 
ricula leaning toward power specialization. Some men were en¬ 
couragingly outspoken in their belief that more of the communi¬ 
cation viewpoint was needed in our required courses. Some 
schools frown on electives, especially communication electives, while 
others offer elaborate communication options, often’with little ap¬ 
parent attempt to balance the required courses. Several schools 
are abbreviating the time devoted to required machinery courses. 
Others are strengthening A.C. circuits or using a transition course 
in Communication Circuits” to improve the preparation in cir¬ 
cuit theory. It was surprising to learn that a number of schools 
regard Electronics as a communications course and rely upon it 
for much of the communication viewpoint. It is unfortunate that 
space does not permit the inclusion of numerous interesting quota¬ 
tions from these letters. 

Opinions of Commnication Engineers 

No such extensive correspondence survey has been made of the 
opinions of practicing communication engineers but opinions have 
been obtained whenever possible through conversation. Most of 
these opinions have been embodied in the previous discussion of 
courses but a few additional items need comment. A large per¬ 
centage of the men doing communication research and development 
have been trained as physicists and many excellent engineers still 
are not college graduates. Tt is certain that electrical engineering 
training, as we have thought of it in the past, is not essential to 
success in communication research. Some even feel it is not de¬ 
sirable. A physicist entering communication may be slightly 
handicapped at first by lack of specialized technical knowledge but 
his superior grasp of fundamentals usually pays dividends in a 
few years. 

Most men agree that communication training can and should 
be improved. Some favor separate curricula in communication 
engineering with greater specialization, while othera favor pi6r6 
thorough basic training with less specialization, p^icularly, in 
power applications. Practically all communication engineers agree 
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that men trained for four years primarily for power engineering 
cannot be converted into good communication engineers merely by 
exposure' to a course in **Ultra-High Frequency Technique.” 

The statement that “specialized communication training should 
be confined to graduate courses” strikes a discordant note with 
many communication engineers who have taken advanced degrees. 
They agree with this statement in principle, but not in practice. 
Tt too often develops that most of the first graduate years must be 
devoted to broadening the foundations in circuit theory, field 
theory, and electronics, with scant time left for truly “specialized” 
topics. Even more advanced courses often devote excessive time 
to reviewing Fourier’s Series and similar topics. A course called 
“Radio Receiver Design” may degenerate into an extended treat¬ 
ment of tuned coupled circuit theory, with slight time left for 
consideration of converter efficiency, diode detection, A.V.C. sys¬ 
tems and other specialized aspects of the subject which the student 
hoped to master. After such experiences, a man cannot be blamed 
for wishing that he might have swapped some of his required under¬ 
graduate training in armature winding and flue gas analysis for 
sufficient basic training to permit graduate specialization. 

Most communication employers agree that a broad knowledge 
of basic theory is more desirable in a young engineer than an exten¬ 
sive knowledge of specific communication practices. The telephone 
companies generally do not expect, nor desire, to hire graduates 
trained in the design, selection, installation, and maintenance of 
telephone equipment. They prefer men with sound basic training 
and find that such men can learn specific practices more quickly 
and thoroughly on the job than in college. Power employers may 
be different, but this is questionable. 

How Much Power Specialization Is Justified? 

The principal argument always advanced in support of strong 
emphasis on power engineering in required courses is the greater 
probability of a student finding employment in the power field. 
This argument had great justification back in the days when the 
telephone industry was almost the sole employer of communication 
men and hired less than ten per cent of our graduates. Somewhat 
greater attention to power than to communication still is justified 
because there were 2.4 times as many graduates employed in the 
power field as in the communication field, just before the present 
war. However, communication has become such a broad field, with 
such diversified employment opportunities, that a man no longer 
need be forced into power employment just because he is not ac¬ 
ceptable to the telephone company. Furthermore, if we ^ree 
that a sound basic background is of greater value to a young cbm- 
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raunication engineer than a knowledge of specialized communica¬ 
tion practices, is it likely that communication training would seri¬ 
ously handicap a man entering the pow'er field? Ts not the study 
of the behavior of networks to non-reeurreiit, non-sinnsoidal waves 
more general than a study of their behavior at one constant fre¬ 
quency ? 

A common justification for the large percentage of power prob¬ 
lems in texts is that such problems offer the most common and 
familiar applications. This, also, might have been true twenty 
years ago but today more of our sophomores have a knowledge of 
amateur radio than of D.C. machinery. The application of Ohm’s 
law to the voltage divider in a receiver would sound much more 
familiar to most students than its application to a field rheostat. Ts 
it not jmssible that these ])ower problems are more familiar to us 
than the students! 

Some schools in certain sections of the country do have greater 
difficulty placing their graduates in communication employment. 
Such schools probably are justified in neglecting communication 
for greater power specialization, but this fact should be brought to 
the prospective student’s attention. Tf a prospective student has 
decided that he would like to “study radio,” regardless of his rea- 
.sons or aptitudes, it does not seem fair to lead him to believe he 
will receive the training he expects when we intend to train him 
for power employment. 


Conclusions 

It is believed that sufficient data have been presented, from 
analysis of employment, curricula, textbook problems, and corre¬ 
spondence, to prove that there still exists a strong tendency toward 
overemphasis of the power aspects of Electrical Engineering and 
that a broadening and strengthening of our elementary electrical 
courses, at the expense of some power sp'ecialization, would im¬ 
prove our graduate’s prospects for success in the communication 
field. Many schools appear to be moving in this direction, and 
this movement probably will be accelerated by our wartime experi¬ 
ences with communicating training. 

The communication deficiencies of elementary texts are being 
overcome in some of the newer editions and instructors are correct¬ 
ing these deficiencies by lecture notes, additional problems, and 
other means. Better texts will doubtless appear as the need for 
them becomes more generally recognized. 

Separate undergraduate curricula in Communication Engineer¬ 
ing do not appear necessary nor desirable if the presant tendency 
toward broadening of the elementary courses and reduction of re¬ 
quired power specialization continues. 
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T,he best yardstick for measuring the effectiveness of communi¬ 
cation training appears to be a comparison of our graduate’s abil¬ 
ity to digest current technical literature in the communication and 
power fields. Any means of reducing the gap between the level of 
an engineer’s training and the level of the technical literature of 
his profession will improve his prospects for professional develop¬ 
ment. 

E.S.M.W.T. courses and similar accelerated communication pro¬ 
grams are doing much to meet our immediate shortage of com¬ 
munication men, but must be regarded as emergency measures. 
The recommendations contained in this paper are more of a long¬ 
term nature, for the benefit of our present Juniors and students in 
the reconstruction period to come. 

Appendix A 

TNSTRUCTI()^^S ACCOMPANYING QUESTIONNAIRES 

GeneraIj Information 

The following cJa.ssifications represent an attempt to break down 
the final two years of the electrical curricula a«,*cording to basic 
subject mattei’, rather than actual course titles. Assume that the 
student chooses all po.s.sible technical options in the communication 
field and all pos.sible uon-electrieal options in the General Theo¬ 
retical classification (Math., etc.). For five years curricula leading 
to the Master’s degree, neglect the final year. Five year curricula 
leading to the B.S. degree, such as cooperative courses, should be 
treated on the basis of equivalent four year curricula. 

Course Cuassifications 

1. Cultural Courses. This classification should include all jun¬ 
ior and senior non-technical courses given primarily to improve the 
students’ cultural background. Examples of such courses would 
be English, history, religion, etc. 

2. General Theoretical courses should include mathematics, 
physics (other than electrical measurements), thermodynamics 
(other than that devoted exclusively to steam), mechaiiies, fluid 
mechanics, etc. 

3. Applied Non-ElcctricM Courses are considered as those which 
are applicable primarily to a specific field of non-electrical engi¬ 
neering. Examples would include heat engines, “wet” hydraulics, 
M.B. lab., mechanisms, strength of materials, etc. 

Busmess Courses would include such topics as economics, 
business administration contracts and specifications, cost account¬ 
ing, business law, etc. 
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5. Miscellaneous Non-Electrical Courses would include physical 
education, military training, shop practice, and other courses which 
do not fit the above classifications. 

6. Electric Circuits should include D.C. circuits, even though 
taught in the sophomore year. It should also include the “cir¬ 
cuits” portions of transmission lines and any similar courses, but 
should exclude those phases of electric circuit theory taught in com¬ 
munication courses and applicable primarily to communication 
work. 

7. Electric and Magnetic Fields may include this phase of the 
elementary electrical course, even though taught in the sophomore 
year. It may also include parts of subsequent courses, such as 
design, but should not include'applications of field theory to elec¬ 
trical machinery (i.e., magnetic circuits of machines). 

8. Electriccd Machinery. D.C. and A.C. machinery, including 
transformers. May also include part of design or problem course 
dealing with machinery. 

9. Electrical Measurements may include parts of other courses 
but should exclude distinctly communication measurements (radio 
frequency, etc.). 

10. Electronics may include those portions of subsequent com¬ 
munication courses which deal with the fundamentals of electronics, 
rather than distinctly communication applications. 

11. Communication Courses include communication circuit 
theory, telephony, radio, etc., as well as any appropriate portions 
of prior courses. 

12. Miscelluneous Electrical Courses should include those elec¬ 
trical courses not fitting the above classifications. For example, 
illumination, thesis, seminar, etc. 

Other Information 

13. Average Size of Graduating Class during the past five years. 
This information will be used in obtaining a weighted average of the 
curricula. 

14. Employment, This information is to determine the relative 
percentage of graduates entering the communication and power 
branches of electrical engineering, as well as the percentage of 
those who fail to follow their profession. All occupations based 
primarily upon communication technique, such as geophysics, sound 
recording, etc., should be classed as communication. Other work, 
involviug commerciai power frequencies and power technique 
should be classed as power. It should not be necessary to check 
personnel records in answering this question as an acSfturacy of five 
or ten per cent will be adequate. 



ENGINEERING ECONOMY NOTES 

Engineering economy is that phase of engineering which pertains to the 

specifically advantageous use of dollars and cents in engineering works. 

Btr EDMUND D. AYRES 
Acting Editor, The Ohio State University 

The Curious Plight op Enghsteering Economy 

Engiiieerinf? economy is in a curious p]if?ht. First it was defini¬ 
tion—after the clarifying? struggle staged in the Engineering 
Economy Page a few years ago, some of us feel that we can prett}' 
well defend the term engineering economy against any and all com¬ 
peting names for this distinct corner of the engineering field. But 
now it is agreement upon whal^v should be considered the best in 
thought and practice in the field of engineering economy that is 
needed to rescue our subject from confusion—a confusion that evi¬ 
dently is taken as a normal background. Worse than that, it is 
evidently a confusion which is neither perceived nor acknowledged 
by most of us. We take our engineering economy like we do our 
politics and religion—somehow our private brand satisfies. 

I was quite pleased with my private brand until my experience 
with the subject unfolded. It is not that we are all steeped in 
error although occasionally there is evidence of a little of that. 
Let us take just one little tiny corner of our field to demonstrate a 
matter that is so commonplace that we have just accepted it without 
worrying at all about what our colleagues and engineers in prac¬ 
tice are doing with it. The difficulties to be pointed out appear in 
the non-eontroversial part of our work. These same difficulties 
together with others pervade much of the entire field we cultivate 
every time we teach a class or work out a problem in economic se¬ 
lection. 

Let us consider a problem with revenue and expense data avail¬ 
able and the simple requirement for an arithmetical answer. Not 
so long ago a close friend of mine, a president of a prominent engi¬ 
neering society and a recognized consulting engineer of wide ex¬ 
perience, stumped the natidn to bring to his colleagues a bit of eco¬ 
nomic gospel couched in terms of a profit on the employment of an 
engineering device expressed as a per cent yield over and above a 
e per cent satisfaction interest on the inv^tment involved. He 
presented his thesis without even drawing one's attention to the 

735 



736 


ENGINEERING ECONOMY NOTES 


metluxl—evidently he t»)()k it for frraiited that return on investment 
is always expresse<l so—he seemed violently prejudiced affaihst any 
compound interest bein**: involved. There are many others opj^sed 
to compound interest, that is to sinkiii}? fund depreciation calcula¬ 
tions for studies' made for business units praeticin}^ straight line or 
retirement principles in their accounting. Yet some of our best 
textbooks condemn roundly the practice of computing return on a 
fixed investment when straight line depreciation is involved. An 
average investment or interest method is recommended by one of 
our engineering economy authorities when straight line deprecia¬ 
tion is used. Practically all of our textbook writers insist upon 
compound interest calculations—either sinking fund depreciation 
at a nominal rate of interest or sinking fund depreciation at a rate 
equal to the rate of return. This makes about five methods for the 
solution of the simplest problem with which we are confronted. It 
is not that all are not correct—but nowhere do we find much guid¬ 
ance as to the best thought as to when each method is applicable 
—they all give different answers and those that propose these meth¬ 
ods seem to cry for universal application of their favorite to the 
exclusion of the others. This state of affairs exists in a relatively 
non-controversial area of our work—even more confusing situa¬ 
tions occur in .some other parts of our field—for instance, what 
constituti’s a satisfactory investment in a device to be used by a 
regulated industry like a public utility? 

Space does not permit a very broad treatment of the general 
picture suggested by the above. Nevertheless it is not so much the 
strange situations which are part and parcel of our theory and 
practice—it is the curious confidence we all have that what we 
teach and do in practice is beyond reproach—why should we not 
be trying zealously to bring order out of such confusion—it seems 
to me that engineering economy is in a curious plight. Plans for 
cooperative struggle to rescue it should be one of the prime duties 
of the po.st war period. 
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DRAWING DIVISION PROGRAM OF S. P. E. E., 
51ST ANNUAL MEETING 


Friday, June 18th 

7:00 P.M. Drawing Division Dinner—Speaker to be announeed. 

SVTITRDAY, JlTNK 19TH 
12:30 P.M. Luncheon—Business meeting. 

2:00 P.M. 1. Teaching Production I’llustration, by C. H. Springer, ITnivor- 
sity of Tllinois. 

2. A New Exact Method of Axouomotric Production, by R. P. 

IToelseher, University of Illinois. 

3. Report of (knninittce on Graphic Talents, by Clair V. Mann, 

Missouri School of Minos and Metallurgy. 

4. Othei’ Committee Reports. 

Visual education affords an e.xcellent opportunity for instruction in the 
teaching of engineering drawing, particularly in the use of instruments, testing 
of drawing instruments, pointing out the peculiar characteristics of engineer¬ 
ing letters; and the combining of letters into words, shop processes, etc. There 
aro a number of advantages in using moving pictures: (1) They give the stu¬ 
dents an insight into industrial practices in a few minutes which would take 
several hours to get if an inspection trip Avas conducted, thereby saving time 
that the students can profitably use in the. crowded curricula of today; (2) a 
subject like the use of instruments can be covered much more thoroughly in 
less time with a good moving picture than by demonstration by the instructor; 
(3) seeing a picture is a very effective means of demonstrating correct use of 
instruments that is difRcult to demonstrate on tiie blackboard and if the stu¬ 
dents gather around the instructor at a desk many of them can not see the 
demonstration well, and lose interest. 

Although visual education definitely has its place in the teaching of engi¬ 
neering drawing the lecture-conference-demonstration period is vei'y important 
and an effective means of explaining the theory of drawing to students. Since 
engineering drawing is a basic subject for engineers, sufficient time should be 
allowed for this important fundamental subject. It requires one hour of lec¬ 
ture and six hours of practice per week for two semesters to cover the material 
that industry requires the engineering graduate to know in this mechanical 
age. After completing the two semesters of freshman engineering drawing 
the student should take a semester of engineering descriptive gometry as ap¬ 
plied to industry and a semester of machine drawing to be thoroughly grounded 
in the fundamentals of drawing. Much lettering should be included in all the 
above courses. 
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SECTIONS AND BRANCHES 

The oilicers of the Colorado School of Mines Branch are as fol¬ 
lows : R. A. Baxter, Chairman; W. M. Richtmann, Vice Chairman ; 
E. G. Fisher, Secretary. 

The ofReers of the Illinois-Indiana Section are: P. E. Mohn, 
Chairman, University of Illinois; W. M. Lansford, Secretary-Treas¬ 
urer, University of Illinois; C. Wischmeyer, Rose Polytechnic Insti¬ 
tute ; J. C. Peebles, Illinois Institute of Technology; W. W. Turner, 
University of Notre Dame; C. L. Lovell, Purdue University; R. G. 
Bigelow, Northwestern University; G. A. Maney, Northwestern Uni¬ 
versity; J. C- Peebles, Member of Nominating Committee, Illinois 
Institute of Technologj\ 


NEW YORK PROVIDES FOR ENGINEERS-IN- 

TRAINING 

One hurdle for engineers seeking licenses to practice in New 
York State has been lowered through a change in the regulations 
of the Commissioner of Education which permit qualified graduates 
of registered colleges of engineering to take their examination in 
two sections, the first, dealing with theory as soon as they are grad¬ 
uated; the second, dealing with practice, after completion of four 
years of satisfactory experience. Heretofore, applicants for engi¬ 
neering licenses were permitted to take both parts of the examina¬ 
tion only after completing the four-year minimum experience 
requirement. 

The amendments to the Commissioner's regulations establish 
preliminary examinations for engineers-in-training. These are 
open to graduates of registered colleges of engineering upon sub¬ 
mitting evidence that they meet the requirements as to age, citizen¬ 
ship, secondary education and endorsement. There are two parts 
to this section of the examinations. 

The final examination is available to applicants who have dem¬ 
onstrated sufficient experience in their own particular lines of engi¬ 
neering, through at least four years of practice. 

This change was made after a thorough study by the State Edu¬ 
cation Department of requests by professional groups to permit 
the young engineering graduate to try the preliminary examinations 
immediatel}'^ after completing his college course, while his knowl¬ 
edge of theory was still fresh. The change in the examihatidhs 
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was approved by the New York State Board of Examiners of Pro¬ 
fessional Engineers and Land Surveyors, and the Board of Regents. 

COLLEGE NOTES 

James li. Killian, Jr., has been appointed executive vice-presi¬ 
dent of the Massachusetts Institute of Technology. Mr. Killian 
has been executive assistant to the president since January, 1939, 
and takes over his new post on July 1st, Before joining the staff 
of the president in 1939, Mr. Killian had been associated for thirteen 
years with the publication of the Technology Review, of which he 
became editor in 1930. 


NEW MEMBERS 

Andrews, Andrew L, Professor and Head, Dept, of Ceramic Engineering, 
University of Illinois, Urbana, Ilj, M, L. Eager, R. P. Hoelscher. 

Baker, Ralph A., Sales Manager, Standard Aircraft Workers* Manual, 
Fletclier Aircraft, P.O. Box 1172, Hollywood, Calif, ,1. S. Thompson, P. 
L. Bishop. 

Bamporth, Frederic R., Professor of Mathematics, The Ohio State University, 
Columbus, Ohio. C. E. MacQuigg, W. D. Turnbull. 

Bell, Norman R., Instructor in Electrical Engineering, Cornell University, 
Ithaca, N. Y. W. A. Lewis, P. H. Black. 

Berg, Harold, Assistant Professor of Civil Engineering, Southern Methodist 
University, Dallas, Texas. Sophus Thompson, I. W. Santry. 

Blakeley, James E., Director, Embry-Riddle School of Aviation, P.O. Box 
668, Miami, Fla. F. L. Bishop, Neil McKenry. 

Boguslavsky, Boris, Associate Professor of Structural Engineering, Univer¬ 
sity of Akron, Akron, Ohio, F. E, Ayer, C. R. Upp. 

Espy, Wiluam N., Professor of Mechanical Engineering, University of Illi¬ 
nois, Urbana, Ill. R. P. Hoelscher, M. L. Enger. 

Eubanks, Irving S., Assistant Professor of CivD Engineering, The Citadel, 
Charleston, S. C. H. G, Haynes, L. S. LeTellier. 

Frye, John H., Assistant Professor of Metallurgical Engineering, Lehigh 
University, Bethlehem, Pa. Hale Sutherland, A. C. Callen. 

Gallagher, Robert T., Assistant Professor of Mining Engineering, Lehigh 
University, Bethlehem, Pa.,Hale Sutherland, A. C. Callen. 

Qomberg, Henry J., Instructor in Electrical Engineering, University of Michi¬ 
gan, Ann Arbor, Mich. H. H. Higbie, B. F. Bailey. 

Hammons, Ww. M., Assistant to Dean, University of Louisville, Louisville, Ky. 
F. L. Wilkinson, R; C. Ernst. 

Hudson, Charles A., Instructor, Gr. 2, Svjc. School, U.S.N.T.S., Great Lakes, 
Ill. F. L. Bishop, Nell Mt^enry, 

Hursh, Ralph K., Professor of Ceramic Engineering, University of Illinois, 
Urbana, III. M. L. Enger, R. P. Hoelscher. 

Ippen, Arthur T., Assistant Professor of Civil Engineering, Lehigh Univer- 
. sity, !$ethleliem, Pa. Halo Sutlierland, C, C. WilUams. 

IVEBSBN, Harold W., Instructor in Mechamcal Engineering, University of 
California, Berkeley, Calif. L. M. K. Bdelter, B. P. Murphy. 
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KELL.KR, Edward L., Diroctor of Engineering Extension, The Pennsylvania 
State College, State College, Pa. C. E. Bullinger, H. P. Hammond. 

Key, Jc^n C., Assistant Professor of Civil Engineering, The Citadel, Charles¬ 
ton, S. C. H. G. Haynes, L. S. LeTellier. 

Kimberly, Emerson E., Professor of Electrical Engineering, The Ohio State 
University, Columbus, Ohio. E. D. Ayres, E. E. Dreesc. 

Loewner, Charles, Assistant Professor of Mathematics, University of Louis¬ 
ville, Louisville, Ky. P. L. Wilkinson, K. C. Ernst. 

McCluno, James D., Instructor in Plngineering Drawing, Alabama Polytechnic 
Institute, Auburn, Ala. A. L. Thomas, L. M. Sahag. 

■ McClure, John A,, Professor of Industrial Management, University of Akron, 
Akron, Ohio. P. E. Ayer, P. 8. Griffin. 

McCollum, Arthur H., Teacher in Drawing, Plorida A. and M. College, Talla¬ 
hassee, Pla. O. A, Olson, F. G. Miller. 

McNear, William P., Instructor in Macliiiic Design, Stevens Institute of 
Technology, Hoboken, N. J. M. R. Reeks, W. R. Halliday^ 

MONTRO.SK, Karl D., Instructor in Chemical Engineering, Unive*r8ity of Denver, 
Denver, Colo. Arnold Benson, C. M. Knudson. 

Nelson, Wilbur C., Professor and Head, Dept. Aeronautical Engineering, 
Iowa State College, Ames, Iowa. C. M. Dodd, T. R. Agg. 

Norris, Bob, Assistant Professor of Electrical Engineering, Alabama Poly¬ 
technic Institute, Auburn, Ala. J. W. Hnnnum, R. G. Pitts. 

Onup, Bronis R., Instructor in Mechanical Engineering, University of Con¬ 
necticut, Storrs, Conn. C. H. Coogan, Harry Sohon. 

Oxnard, Horace W., Instructor in Engineering, Ricker Classical Institute and 
Junior College, Houlton, Maine. F. Ij. Putnam, P. L. Bishop. 

Paul, Edwin W., Instructor in Engineering Drawing, University of Louisville, 
Louisville, Ky. H. H. Fenwick, P. L. Wilkinson. 

Pettis, Charles R., in charge Engineer ROTC, The Ohio State University, 
Columbus, Ohio. C. E. MacQuigg, W. D. Turnbull. 

Shumaker, Clipforo H., Associate Professor of Mechanical Engineering, 
Southern Methodist University, Dallas, Texas. R. M. Matson, E. H. Flath. 

Tarboux, Joseph G., Profe.ssor of Electric.al Engineering, University of Ten¬ 
nessee, Knoxville, Tenn. N. W. Dougherty, R. W. Morton, 

Taylor, Karl V., Assistant Professor of Civil Engineering, The Citadel, 
Charleston, 8, C. John Anderson, H. G. Haynes. 

Topping, Alanson D., Instructor in Mechanics, Missouri School of Mines, 
Rolla, Mo. P. L. Vander Velde, M. D. Livingood. 

Watson, Kenneth M., Professor of Chemical Engineering, University of Wis¬ 
consin, Madison, Wis. O. A. Ilongen, R. A. Ragatz. 

ZiLLY, Robert G., Instructor in General Engineering Drawing, University of 
Illinois, Urbana, Ill. R. P. Hoelscher, H. H. Jordan. 

3.37 individual members -}* 1 institutional added this year. 



RESEARCH AND ENGINEERING KEEP GENERAL ELECTRIC YEARS AHEAD 



ItHP^LtASt REVEKSEll 

U sually we think of the United States 
as the arsenal and machine shop of 
democracy, but actually the Atlantic is a 
two-way ocean. And General Klectric re¬ 
cently announced that since early in 1942 
'the Company has been using five giatit 
English metal-working machines in the 
production of vital ship-propulsion equip¬ 
ment. 

The machines were sent from England in 
separate ships on different dates, to fore¬ 
stall their destruction by German sub¬ 
marines. One of the ships was attacked dur¬ 
ing the crossing and was damaged but made 
its American port safely. 

The arrival of the machines was really two 
strikes against the Nazis, for had they re¬ 
mained over there they might not now be 
producing for the United Nations. One of 
them had been installed in a plant in Shef¬ 
field, and another was destined to go there— 
>nd that city was later bombed by the 
Axis. 


"PAPER DOLLS" 

R ight out of the kindergarten is the lat- 
■ est metal-saving technique in General 
Electric. Many thousands of complexly 
designed parts are required for intricate 
electric apparatus—and all must be cut from 
flat sections of scarce metals. 

So, just like patterns for paper dolls, 
the planners draw the parts to scale on 
paper, cut them out, and shift them around 
till they mesh together in a manner very 
similar to a jigsaw puzzle. 



Frequently it is possible to redesign the 
parts when it is found that slight changes 
in the length, width, or thickness will allow 
more parts to be cut from the same layout. 

Photographs of this technique may be 
obtained free by writing Campus News* 
General Electric Co., Schenectady, 



To Be Published Soon — 

For Use with Any Standard Textbook * 

BASIC PROBLEMS IN 

ENGINEERING DRAWING 

"" . . . The Work Sheet Method . .. 

By W. W. Turner, Head of Department of Engineering 
Drawing^ University of Notre Dame 

H ere is a series of carefully formulated problems that covers in logical 
progression those fundamental phases of Engineering Drawing whose 
mastery is one of the most important goals of the first year coulee. 

It avoids the inclusion both of material not usable in the beginning course 
and of that type of practice work which consumes time but is really little 
more tlian mechanical repetition. 

Thoroughly tested in classes with students of varying backgrounds. For 
the accelerated program, the various service classes of the armed forces, or 
defense training classes, it provides systematically a maximum of w'ork 
in a minimum of time. 

8^^" X 11'' . $1.25 . . Punched for binder 


Read These Representative Comments About: 


ENGINEERING DRAWING 

By Leon Marr Sahag, Professor of Machine Design and 
Drawing^ Alabama Polytechnic Institute 


“There are a number of features which give 
it individuality among the numerous draw¬ 
ing textbooks. ... A reviewer is also im¬ 
pressed with the usefulness of this book as 
a praotioal draftsman's manual, as well as 
its unquestioned value for textbook pur¬ 
poses.’’ Franklin Thomas, Chairman Div. 
of Engineerina, California Institute of 
Technology 

"I like especially the arrangement of the 
content for teacning purposes. It should 
certainly be a boon to the training of drafts¬ 
men." O. L. Freeman, Head, Dept, of 
Drawing, Murfreesboro State Teasers College 

394 Pages '■ . . . . . . . . . $2.75 


“. . . it contains the very subject matter 
that the student needs to prepare himself 
for any ordinary work in engineering draw¬ 
ing. The exercises are well chosen and 
plentiful . . . well written from a peda¬ 
gogical standpoint. I plan to use this 
Book," Tkomae^C. Amiik, Prof, of Mathe- 
matiet, Louiaburg College 

. . the material appears to be excellently 
presented and well arran^d. All drawings 
are quite legible which is a blessii^ often 
overlooked by authors and publishers.’’ 
Forrest R. Hughes, Institutionoi Represtl>Ua~ 
ties, ESMWT, Yale University 

. . .... 437 Illustrations . 


Send for Examination Copies 


THE RONALD PRESS QOM^PAIfT 

15 East 26th Straat Naw 
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Books On Aircraft 

MAINTENANCE AND SERVICING 


AIRCRAFT ELECTRICAL SYSTEMS 

By William F. Joi^h, Insh-uctor in Aircmft Electrical Syslenut, Roosevelt 
Aviation School, Roosevelt Field, New York. 

TIuh new book presents knowledge that the mechanic requires to service 
electrical equipment on aircraft. It is in a form ready for immediate use, 
omits non-essentials, is concise, complete and has been thoroughly tested 
in teaching hundreds of men. - Covers: Test Equipment and Instruments. 
Symbols. Generators. Control Panels. Batteries. Starters. Ignition. 
Wiring. 72 diagrams, charts. 222 pp. $3.00 

AIRPLANE HYDRAULIC SYSTEMS 

By Hugh C. Aument, Jr., Instructor in Airplane Hydraulics, Roosevelt 
Aviation ^hool, Roosevelt Field, New York. 

DeveloptKl especially to meet the remiirements of airplane mei:hani(», this 
book is based on the author’.s expetrence os instructor and is the first to 
be aimed directly at such a student group. Covers: Hydraulic Principles. 
Component Units of Systems. The Typical Hydraulic Systems. Inspec¬ 
tion of Maintenance. Questions. An.swers. 81 illustrations; diagrams. 128 pp. 
A Manual of Operation and Maintenance. $2.25 

AIRCRAFT ELECTRICITY 

By Norman J. Clark, Electrical Engineer, Lieutenanl (jg), U.S.N.R., and 
Howard E. Corbitt, Electrical Engineer, Lockheed Corporation. 

For electricians and wiremen, it helps them solve practical shop questions 
and problems of operation. For designers and electrical entpneers, it places 
empnasis on simplicity of design and interchangeability of design of parts 
for convenient replacement. It is suitable for group training or for indi¬ 
vidual study and reference. Covers: Theory. Symlmls. Circuits. Wiring 
Diagrams. Conduit Layout. Bonding and Shielding. Compass Deflec.- 
tion. Inspection. Protection. Lighting. Motors. Relays. Solenoids. 
256 illus. Second Edition, Revised October 1942. 350 pp. $3.50 

PILOTS^ AND MECHANICS* 

AIRCRAFT INSTRUMENT MANUAL 

By G. C. DeBaud, Captain U. S. A rmy A ir Force; formerly President and 
Ch^ Instructor at American and DeBaud Scho^s of Aircraft Irutruments. 
Clear, direct information on all types of aircraft instruments—flight, navi¬ 
gation, engine—-in very short time with minimum effort. 490 pp. $4.50 

AERONAUTIC RADIO 

t By Myron F. Eddy, Lieutenanl U. S. Navy, Retired; Member of Institute 
of Radio Efi^ineers. 198 illus. 502 pp. $4.50 


tNE RONALD PRESS eoiRPANY 

1$ Ka«t aeth street New Yerk, N. V. 








A COMPLETE 
PRINTING 




SERVICE . . . 

Good printing does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For over sixty years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 
languages. Consult us about your next job. 

PRINTERS OF THE 

JOURNAL OF ENGINEERING EDUCATION 

LANCASTER PRESS, Inc. 

PRINTERS . BINDERS . BLECTROTYPERS 

ESTABLISHED 1877 LANCASTER, PA. 
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What’s a cotangent 
got to do with ack>ack? 


P LENTY. So have sines, cosines, 
squares and square roots, differ¬ 
ential equations, and integral calculus. 

For the accurate firing of anti¬ 
aircraft batteries depends wholly upon 
the science of mathematical calcula¬ 
tions that must be made fast—faster 
than a score of the most brilliant 
mathematicians could do it! 

To solve these problems—to make 
the ack-ack of the United Nations 
deadlier—Westinghouse engineers are 
assisting in the development of an 
improved ‘^electric brain” that makes 
the necessary lightning-like calcula¬ 
tions. 

The firing control—known as the 
“computing director”—not only lo- 
catoa the exact position of the target 
as it twists and dodges through the 
sky. It also calculates where the en¬ 
emy plane will be by the time the 
shell has traveled 10,000 or morfc feet 
into the air— ail in a matter of seconds. 


And that’s not all. The computing 
director makes instantaneous correc¬ 
tions for drift, air density, wind con¬ 
ditions, and gun-muzzle velocity. In 
addition, it calculates the fuse setting 
on the shell—so that the burst will 
occur at the calculated position of 
the enemy plane. 

Westinghouse is making hundreds 
of other weapons for victory such as: 
guns, shells, radio equipment, instru¬ 
ments, electric motors and generators, 
and propulsion equipment for our 
giant battleships and rapidly growing 
merchant marine. And delivering these 
war materials faster than ever! 

We are proud of the way Westing¬ 
house “know-how” is adding day-hy- 
day to America’s tremendous striking 
power-on land, at sea, and in the air. 

Westinghouse Electric 8i Manufac¬ 
turing Company, Pittshuri^, Penn- 
fylvania. 


Westinghouse 

OPPICIS IVIIYWHIM 


MANT» IN3S CiniS*.. 



The 48-Hour Week 

Doesn’t Affect Our Business! 

T he reason it doesn’t is because we are already 
working: 60 hours a week—for Uncle Sam and many 
other customers. 

Our staff of typists, artists, photographers, and litho¬ 
graphic craftsmen are all busy turning out a large num¬ 
ber of reprints for the United States Government . : . 
as well as our usual orders for classroom texts, labora¬ 
tory manuals, technical papers, proceedings reports, and 
so on, for private customers. 

“There’s always room for one more’’—and we still have 
the capacity to handle your work and give you excep¬ 
tionally speedy service. 

Whatever the nature of your copy—whether 
it is in manuscript form or has been previously 
printed—we can turn out a complete edition for 
you and meet your “deadline.’’ 

If time is short, send along your copy; tell us 
the size of the edition you will need. We’ll be 
glad to send you a quotation and specimens of 
similar work, by return mail. 

In any case, why not get further details of Lithoprinting, 
and a free copy of our “Manual of Lithoprinting”? 
Write today. 


EDWARDS BROTHERS/ Inc. 

LITHOPRJNTERS V 

ANN ARBOR MIChIOAN . 
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Sorhething for you to do, afterward? 

A MISSAAl TO MIN ON COLLIOt CAMPUSIS 

At no time in all the years we have been the confidant of young 
men approaching a career have we been so sure of the opportunity 
implicit in your future. 

Today, your campus may not be of your own choosing. Your 
courses, your schedules almost all are pointed toward immediate 
necessity. Your career is set. 

{lave you a true conception of how much your special training 
means to your country? To Victory? 

We think you do. But, honestly, don*t you catch yourself 
wondering whether there is really going to be something for you 
to do, afterward? Are you sometimes in doubt of what’s to come 
after NOW? 

We say to you: There is a world to be made anew. 

That world is going to offer you creative opportunity surpass¬ 
ing anything we old-timers have ^yer seen. You are going to have 
tools and materials and knowledge to work with such as no 
generation ever had. 

We think you are going to find not only a country, but a whole 
world, waiting for your talents. 

And we know that in this country you are going to find a 
point-of-view throughout industry which is a new thing under 
the sun. Already countless leaders in industry are laying plans 
which are based on flat acceptance of the principle that their 
first responsibility, after all-out production for war, is to make 
postwar jobs. 

We at Alcoa are one group of such men. We are Imagineering 
now, for you. We intend to do everything we know how to make 
aluminum make jobs, whether they may be with us, or in a 
thousand other industries which will be using Alcoa Aluminum 
when it is again available. 

Wherever you are in service, you will surely be in, or around, 
or supported by, American airplanes. Will you remember two 
things: They are made largely of Alcoa Aluminum. And, the folks 
who make that metal are even now Imagineering for your future. 

A PARENTHETICAL ASIDE: FROM THE AUTOBIOGRAPHY OF 

ALCOA ALUMINUM 

• Hiis meMS|c« is printed hy AJmninum OuBpatty M 
America to h^ people to understand uAot loa de apd 
ffAet aort o/ nun mikv ahunintim ,, 

. . r J_' - - - 








REINHOLD BOOKS 

for the Engineering Field 

of Interesi; io Teachers and Students 


a course in eee^ 

POWDER METALLURGY 

by Walter J. Baeza 


A book that will prove highly use¬ 
ful and important in this fast de¬ 
veloping field. Divided in three 
sections,—the first covers material 
comprising a series of lectures on 
the history of powder metallurgy, 
and on laboratory and plant proc- 

2/2 pages 


esses; the second gives practical 
suggestions for assigning experi¬ 
ments requiring minimum equip¬ 
ment; the third outlines 15 signifi¬ 
cant experiments and indicates the 
relation to theories discussed earlier 
in the book. « 

$3.50 


NOXIOUS GASES 

by Yandell Henderson and Howard W. Haggard 


Due to the war, this book assumes 
immediate and vital importance. It 
describes in detail the toxic effects 
of all gases and vapors encountered 
in industrial areas due to fires and 
explosions and authoritatively sets 
forth the correct treatment for all 
types of asphyxia. Several chap- 

290 pages 

THE 


ters are devoted to an extensive 
classification of toxic gases accord¬ 
ing to their mode of action. This 
book will prove invaluable to stu¬ 
dents training to become industrial 
chemists or safety engineers who 
will work in plants producing syn¬ 
thetic organic chemicals. 

$3.50 

CITY 


by Eliel Saarinen 

The outstanding book in its field by a world-renowned city 
designer. The author sets forth the defects of the modern 
city—the physical and economic causes leading to urban de¬ 
cadency. He thereupon suggests a logical corrective plan 
based upon urban rehabilitation and decentralization. A 
thought-provoking book for students of architecture, engi¬ 
neering and city-planning interested in the future develop¬ 
ment of cities. 

TEMPERATURE 

Its Measurament and Control 
In Scionco and Industry 

by American Institute of Physics 


A collection of 126 papers by emi¬ 
nent chemists, engineers, metal¬ 
lurgists, physicists, physicians, and 
biologists, presenting exhaustive 
descriptions of all phases of tem¬ 
perature technique. The scope is 
all-inclusive ranpng from the closest 
approach to absolute zero to the 
temperature of the stars; from the 

l,37S pages 

REINHOLD ^ 


production and loss of heat in the 
body to measuring the temperature 
of volcanoes. Here is an essential 
reference work for engineers—a 
“must’* book for libraries. Paper 
bound reprints of the 25 Standard 
Reference Tables found In the ap¬ 
pendix may be purchased separately 
at Sl.OO. 

$ 11.00 















